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2jy  r  Stbrhal  Appabatus  of  Iffuanodan,  to  illustrate  Mr.  Hulke's 

I     paper  on  that  subject  473 

2y  /  Map  Aim  Sbctiorb  of  Palssosoic  Bocks  near  Haverfordwest, 
'  I    to  illustrate  Messrs.  Marr  and  Boberts's  paper  on  those  rocks  476 

jXT.  /CmiBBiAir  Ain>  Wblsh  Picritxs,  to  illustrate  Prof.  Bonnej's 

I     V^?^  on  the  soHoalled  Diorite  of  Little  Knott 511 
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ERRATA  ET  CORRIGENDA. 


Page  68,  note  |,  line  1,  deie  **for  which  the  name  Duporthite  has  heen  need- 

lesflljr  proposed.** 
PngeSx^  liiie4,/or*'alhite*'f«a<;*<oligoclaM.*' 
Page  455,  eatplftnaT.lon  of  figure, /or  **  Mowhrey  **  read  **  Moorhey.** 
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Of  IHB 


GEOLOGICAL    SOCIETY    OF    LONDON. 


SESSION    1884-85. 


November  5, 1884. 
Prof.  T.  G.  BoiffH EI,  D.80.,  LL.D.,  r.R.8.,  President,  in  the  Chair. 

William  Lower  Carter,  Esq.,  B.A.,  Emmanuel  College,  Cambridge, 
was  elected  a  Fellow  of  the  Society. 

The  SscRBTABT  announced.that  a  water-colour  picture  of  the  Hot. 
Springs  of  Gardiner's  Biver,  Yellowstone  Park,  Wyoming  Territory, 
UAA^  which  was  painted  on  the  spot  by  Thomas  Moran,  Esq., 
had  been  presented  to  the  Society  by  the  artist  and  A.  G.  Benshaw, 
Esq.,  F.GJ3. 

The  list  of  Donations  to  the  Library  was  read. 

The  following  communications  were  read : — 

1.  ^^  On  a  new  Deposit  of  Pliocene  Age  at  St.  Erth,  15  miles  east 
of  the  Land's  End,  Cornwall."    By  S.  V.  Wood,  Esq.,  F.G.S. 

2.  ^  The  Cretaceous  Beds  at  Black  Yen,  near  Lyme  Eegis,  with 
some  supplementary  remarks  on  the  Blackdown  Beds."  By  the 
Rev.  W.  Downes,  B.A.,  F.G.S. 

3.  "On  some  Recent  Discoveries  in  the  Submerged  Forest  of 
Torbay."    By  D.  Pidgeon,  Esq.,  F.  J.S. 

V 

The  foUowing  specimen  were  exhibited : — 

Specimens  exhibited  by  Searles  Y.  Wood,  Esq.,  the  Rev.  W. 
Downes,  B.A.,  and  D.  Pidgeon,  Esq.,  in  illustration  of  their  papers. 
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A  worked  Flint  from  the  Gravel-bcd8  (?  Pldatocene)  in  the 
YaUov  of  the  Tomb  of  the  Kitiga,  near  Luxor  (Thebe*),  Egypt,  ex- 
Mbited  by  John  E,  H.  Peyton,  Esq.,  F.G.S. 

Specimens  of  Vohi^u  lxtmf*erti  from  the  Coralline  Crag,  and  of 
Cijprina  mif^idafa  from  the  Blackdown  beds,  exhibited  by  W,  H» 
Dalton,  Esq.,  F.G.S,  Upon  theae  apecimoBB  the  foU owing  note  by 
Mr.  Balten  was  read  :^'*  The  attention  of  the  Society  being  directed 
t-o  the  Blaokdown  beds,  it  may  be  worth  while  to  note  a  peculiar 
feature  in  the  Bpecimeu  oshibited  of  Cffjyrina  mif^idatai  Fleming, 
belonging  to  the  Museum  of  Practical  Geology,  and  brought  here  to- 
night by  the  kind  permisj^ion  of  the  Director- Gen  oral  olt  tbe  Geolo- 
gical Survey. 

**  The  valve,  lying  with  its  concavity  down  wards,  baa  but  partially 
imbedded  itself  in  the  sediment,  and  in  Bubseqnent  sihcificiition  a 
film  of  chalcedony  has  been  deposited  on  the  free  surface  of  tbo 
matrix  within  the  shell. 

''SimOar  surfaces  are  shown  by  the  casts  of  Volutu  Lamherti^ 
Bowerby,  also  here  exhibited,  from  the  coOection  of  Mr,  H.  Stopes, 
F.G-B,  These  were  found  in  a  smaU  quariy  of  the  CornJline  Crag 
rock-bed  at  Aldborough,  Tbey  show  that  as  the  shells  lay  on  the 
sea-bed,  the  upper  part  of  each  whorl  was  occupied  by  gases  arising 
from  the  decomposition  of  tho  animal,  to  the  exclusion  of  the  cal- 
careous mud,  which  could  only  rise  to  the  crest  of  the  arch  of  each 
successive  suture.  Its  surface  within  the  shell  was  not  a  plane,  like 
that  of  the  Bkickdowii  fipeeimen,  but  shows,  for  each  whorl>  an 
upward  bulge  in  the  centre,  an  annular  depression  near  the  edge, 
and  a  rise  from  tbis  hollow  te  tlie  interior  surface  of  the  shell,  indi- 
cating the  eifect  of  alternating  preeisures  (probably  tidal)  acting, 
*  through  the  mouth  of  the  shell,  on  the  elastic  cushion  of  imprisoned 
gases,  which  would  have  escaped  by  the  spiral,  had  tho  sheUa  been 
rolled  over  two  or  three  times  only  by  currents.^ 


I 


November  19,  1B84. 

Prof.  T.  G.  BoKNET,  D,Sc,,  LID.,  F.K.S.,  President,  in  tho  Chair. 

Niool  Brown,  Esq.,  34  Canonbury  Park,  N. ;  James  Charles 
Chaplin,' Esq.,  10  Earr^  Court  Square,  S.W. ;  Herbert  W.  Hughes, 
Esq.,  Assoc.  R.S.M.,  Priory  Farm  House,  Dudley ;  and  Kev.  Samuel 
Pilling,  Osborne  Terrace,  Regent  Road,  Blackpool,  were  elected 
Fellows;  Professor  A.  L.  0.  Descloizeaux,  of  Paris,  a  Foreign 
Member ;  and  Professor  Hermann  Crodner,  of  Leipzig,  a  Foreign 
Correspondent  of  the  Society'. 

The  List  of  Donations  to  the  Library  was  read. 

The  following  communications  were  read  : — 

'1*  "  Note  on  the  Resemblance  of  the  Upper  Molar  Teeth  of  an 
Eocene  Mammal  {Nfophfjiaula:^,  Lcmoine'i  to  those  of  Trittfhdim*** 
By  Sir  Richard  Owen,  K.C\B.,  F.E.S.,  F.G.B. 
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2.  "On  tiie  Discovery  in  one  of  the  Bone-caves  of  Creswell 
Crags  of  a  portion  of  the  Upper  Jaw  of  EUphas  primigeniusy  con- 
taining, in  sitUy  the  first  and  second  Milk-molars  (right  side)."  By 
A.  T.  Metcalfe,  Esq.,  F.G.S. 

3.  "Notes  on  the  Remains  of  ElepTias  primigenius  from  one 
of  the  Creswell  Bone-caves."  By  Sir  R.  Owen,  K.C.B.,  F.R.8,, 
F.G.8.,  &c. 

4.  "  On  the  Stratigraphical  Positions  of  the  Trigonice  of  the  Lower 
and  Middle  Jurassic  Beds  of  North  Oxfordshire  and  adjacent  districts." 
By  Edwin  A.  Walford,  Esq.,  F.G.S. 

The  following  ohjects  were  exhibited : — 

Micro-photographs,  illustrating  secondary  structures  in  some 
Sutherland  rocks,  exhibited  by  J.  J.  H.  Teall,  Esq.,  F.G.S. 

A  specimen  of  Silver  Glance  incrusting  Calcite,  from  Rabbit 
Mountain,  Lake  Superior,  exhibited  by  H.  Bauerman,  Esq.,  F.G.S. 

A  new  substage  Condenser  for  the.  Microscope,  exhibited  by  Dr. 
G.  C.  Wallich. 

Specimens  exhibited  by  Messrs.  Metcalfe  and  Walford,  in  illus- 
tration of  their  papers. 


December  3,  1884. 
Prof.  T,  G.  BoKNBT,  D.8c.,  LL.D.,  F.R.S.,  President,  in  the  Chair. 

Walter  Henley  Bartlett,  Esq.,  F.R.A.S.,  4  Great  George  Street, 
Westminster,  S.W. ;  Thomas  Brook,  Esq.,  Assoc.  M.  Inst.  C.E., 
Hartley,  Kirkburton,  near  Huddersfield ;  Charles  Ziethen  Bunning, 
Esq.,  Warora,  Central  Provinces,  East  Indies ;  Thomas  Edward 
Candler,  Esq.,  Canton  Club,  Canton,  China ;  Orville  Adelbert  Derby, 
Esq.,  Rio  de  Janeiro,  Brazil ;  Cohn  Docwra,  Esq.,  BaUs  Pond  Road, 
N. ;  Charles  Eastwood,  Esq.,  Linacro  Works,  Bootle,  Liverpool; 
Frank  Lynwood  Garrison,  Esq.,  1623  Girard  Avenue,  Philadelphia, 
U.8JL. ;  Richard  Charles  Hills,  Esq.,  448  Welston  Street,  Denver, 
Colorado,  U.S.A. ;  Frank  Johnson,  Esq.,  Rio  Tinto,  and  379  Euston 
Road,  N.W. ;  Sir  Herbert  Eustace  Maxwell,  Bart.,  M.P.,  Monreith, 
Whaupbill,  NJB. ;  W.  J.  E.  de  Miiller,  Esq.,  Landhof,  Bern, 
Switzerland ;  James  Sterling,  Esq.,  F.L.S.,  District  Surveyor,  Omeo, 
Victoria;  Thomas  Henry  Ward,  Esq.,  E.I.R.  Collieries,  Giridih, 
Bengal ;  Rev.  Brownlow  J.  Westbrook,  Greymouth,  New  Zealand ; 
and  W.  Hoffman  Wood,  Esq.,  14  Park  Square,  Le^,  were  elected 
FellowB  of  the  Society. 

The  list  of  Dcmations  to  the  Library  was  read. 

The  Seosbtabt  announced  that  the  following  specimens  had  been 
presented  to  the  Society's  Museum : — 

Specimens  illustrating  a  paper  on  the  Serpentines  of  Porthalla 
Cove  (Q.  J.G.8.  vol.  xL  p.  458),  presented  by  the  author,  J.  H. 
CoQinB,  Esq.,  F.G.S. 
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Two  slides  with  Cretaceous  lichenoporidBB,  illustrating  a  pap 
in  the  Q-  J.  G.  8.  vol.  xL  p.  850,  presented  by  the  author,  G.  E.  Tin 
Esq. 

Specimens  of  Foaflil  EryoSEOa  from  Muddy  Crcxsk,  Victoria,  pre- 
sented  by  J,  Braeebridge  Wilson,  Esq,,  of  Geelong, 

Casts  of  Footprints  in  the  Lower  New  Bed  Houdetone  of  Penrith^ 
illustrating  a  paper  in  the  Q,  J,  Q.  8*  yoL  xl,  p.  479,  presented  by 
the  author,  G,  Varty  Smith,  Esq.,  F.G.S. 

The  pREaiBBKT  anBounced  the  great  loss  which  the  Society  had 
enstained  in  the  decease  of  Mr.  K.  A.  C.  Godwin-Auaten,  FJl.H,, 
which  took  place  at  his  country  seat,  Shalford  House,  near  Guild- 
ford, on  the  ^t5th  November,  in  his  76th  yoar.  He  became  a 
Follow  of  the  Society  in  the  year  1830,  so  that  he  had  belonged  to 
it  for  54  years.  For  throe  years  he  filled  the  office  of  Foreign 
Secretary ;  he  had  boon  a  Yice^Presideut  and  an  active  Member  of 
the  Council ;  but  he  always  refused  to  be  nominated  m  President, 
although  several  times  urged  to  accept  that  honour.  He  was  a 
^"oUaston  Medalliat  and  the  author  of  sixteen  papers  in  the 
Society's  publications.  His  writings  were  remarkable  for  their 
clear  and  ma^sterly  character,  and  displayed  that  peculiar  insight 
into  geological  structure  which  almost  amonnts  to  foresight. 

The  following  communicatioEs  were  read  :— 

L  "  Note  on  a  Section  uear  Llaiiberis.'*  By  Professor  A.  H, 
Green,  F.G.S. 

2.  *"The  Tertiar\'  Basaltic  Formation  in  Iceland."  By  J,  Starkio 
Gardner,  Esq.,  FX'S.,  F.G.8. 

3.  **  On  the  lower  Eocene  Plant-bediS  of  the  Basaltic  Formation 
of  Ulster;'     By  J.  Starkio  Gardner,  Esq.,  ¥.LK,  F.G.8. 

The  following  ohjocto  were  exhibited  : — 

B43ck-«iiecimen8  and  Microscopie  Sections,  exhibited  by  Prof.  A, 
Hi  Green,  F.U.S.,  in  illustration  of  liLs  paper. 

Specimens,  exhibited  by  J.  S.  Gardner,  Esq.,  F.G.S*,  in  illustra- 
tion of  his  paper. 

Specimens  from  Iceland,  exhibited  by  Prof.  J.  W-  Judd,  F.R.S., 
Sec.  G-S.,  ill  illubtration  of  Mr.  Gardoer^a  paper. 

A  ]ihoto;^raph  of  Pidmophottcus  nuHilus^  Toroll  and  Ljndstrom, 
from  the  Upper  Silurian  of  the  Isle  of  Gotland,  exhibited  by  Dr.  H, 
Wixxlward,  F.K.S.,  F.G.S. 

Clay  Ironstone  Slabs  from  the  Forest-bed  of  Happiabnrgh,  ex- 
hibited by  E.  T,  Newton,  Esq*,  F*G.S, 


Digitized  by  VjOOQIC 


PfiOCEKDIKeB  OF  THE  GSOLOeiCAL  SOCIBTT.  5 

December  17, 1884. 

W.  Carkuthbrs,  Esq.,  F.E.8.,  Vice-President,  in  the  Chair. 

David  Llewellin  Evans,  Esq.,  The  Gold  Tops,  Newport,  Mon- 
mouthshire, was  elected  a  Fellow  of  the  Society. 

The  list  of  Donations  to  the  library  was  read. 

The  following  communications  were  read : — 

1.  **0n  the  South-western  Extension  of  the  Clifton  Fault." 
By  Prof.  C.  Uoyd  Morgan,  F.G.S.,  Assoc.  E.8 J£. 

2.  **  On  the  Eecent  Discovery  of  Pteraspidian  Fish  in  the  Upper 
Silurian  Bocks  of  North  America."  By  Prof.  E.  W.  Claypole,  B.A., 
B.Sc.  (Lond.),  F.G.S. 

3.  "  On  some  West-Indian  Phosphate  Deposits."  By  George 
Hughe«,  Esq.,  F.C.S.  (Communicated  by  W.  T.  Blanford,  Esq., 
LL.D.,  F.E.S.,  Sec.  G.S.) 

4.  **  Notes  on  species  of  Phyllopora  and  TTiamntscus  from  the 
Lower  Silurian  Rocks,  near  Welshpool,  Wales."  By  George  Bobert 
Vine,  Esq.  (Communicated  by  Pro£  P.  Martin  Duncan,  F.It.S., 
F.G.S.) 

Specimens  and  photographs  were  exhibited  by  George  Hughes, 
Esq.,  F.C.S.,  in  illustration  of  his  paper. 


January  14, 1885.. 

Prof.  T.  G.  BoKWiT,  D.Sc,  LLJ).,  F.ILS.,  President,  in  the  Chair. 

Ewan  Cameron  Galton,  Esq.,  B.A.,  Shelsley  Grange,  Worcester ; 
Henry  Brougham  Guppy,  Esq.,  M.B.  Edinb.,  B.N.,  Surgeon  on 
Board  HJiJB.  <  Lark,'  17  Wood  Lane,  Falmouth  ;  Henry  G.  Hanks, 
Esq.,  State  Mineralogist,  California  State  Mining  Bureau,  San 
Pruidsco ;  and  William  Elliott  Howe,  Esq.,  Matlock  Bath,  Derby- 
shire, were  elected  Fellows  of  the  Society. 

VOL.  XLI.  6 
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The  Liflt  of  Donations  to  the  Library^  was  read* 

The  following  communicationg  were  read  i — 

1.  "  The  liotamorphism  of  Dolerite  into  Hornbleade-aoliiat/* 
By  J,  J.  Harris  Teall,  Esq.,  M.A.,  F.G.S. 

2.  "  Sketch  of  the  Geology  of  Xcw  Zealand;"  By  Captain  F.  W. 
Hatton,  F.G.H.,  Professor  of  Biology  iu  the  Canterbury  College, 
Univerfiity  of  Now  Zealand, 

3.  *'  The  Drift-deposits  of  Colwyn  Bay.*'  By  T.  Mellard  Reade, 
Esq.,  F.G.S. 

The  following  objeeta  were  exhibited  : — 

Life^sixed  photographs  of  the  fruit  of  the  recent  Cycads,  Encf-phal- 
nrtos  latifrons  and  E.  hfuftfoUtis^  from  Seuth  Africa,  exhibited  by 
Prof.  W.  T,  Thiselton  Dyer,  F.K.S, 

Objects  shown  with  simple  illumination,  dark-ground  iHunaina* 
tion,  and  polarized  light,  by  means  of  Dr,  Wallieh*s  now  Condenser, 
exhibited  by  Dr.  O.  C.  Wallich. 

F>pecimens  and  microscopic  rock-sections,  exhibited  by  J.  J.  H. 
Teall,  Esq,,  F,G.8.,  in  illustration  of  his  paper. 


January  28,  1885, 

Prof,  T,  G.  BeNKET,  D.Sc,  JLL.D.,  F.R,S,,  President,  in  the  Chair. 

Frederick  John  Cullis,  'Esq.,  28  Clarement  Eoad,  Hands  worthy 
Birmingham  ;  Henry  Dewcs,  Esi|,,  19  Duchess  Road,  Edgbastou, 
Birmingham  ;  Henry  Hiitehins  French,  Esq..  Grove  lioad,  Sutton, 
Surrey  ;  Jacob  Hort  Player,  Esq.,  P.C,8*,  Culthorpe  lload,  Birming- 
ham ;  and  the  Honourable  Donald  A.  Smith  of  Moiitreal  were 
elected  Fellows,  and  Professor  F,  Fouque  of  Paris  and  Dr,  Guatav 
Lindatrcim  of  Stockholm,  Foreign  Corrcspondonta  of  the  Society, 


The  List  of  Donations  to  the  Library  was  read. 

The  President  called  attention  to  the  great  loss  the  Society*  had 
Buatained  in  the  sudden  and  unexpected  death  of  Dr,  J.  Gwyn 
Jetfreys,  F.R,S.,  &c.,  who  had  bet-n  for  twenty-one  years  continuonBly 
a  Member  of  the  Council,  and  for  fourteen  years  of  that  time  had 
performed  most  valuable  serrices  to  the  Society  as  Treasurer. 
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The  following  communications  were  read : — 

1.  "  The  Boulder-Clays  of  Lincolnshire :  their  Geographical  Range 
and  Relative  Age.**    By  A.  J.  Jukes-Browne,  Esq.,  B.A.,  F.G.S. 

2.  "  On  the  Geology  of  the  Rio-Tinto  Mines,  with  some  general 
remarks  on  the  Pyritic  Region  of  the  Sierra  Morena."  By  J.  H. 
Collins,  Esq.,  F.G.S. 

3.  "  On  some  new  or  imperfectly  known  Madreporaria  from  the 
Great  Oolite  of  the  Counties  of  Oxford,  Gloucester,  and  Somerset." 
By  R.  F.  Tomes,  Esq.,  F.G.S. 

Specimens  of  Flint  implements  were  exhibited  by  John  Evans, 
Esq.,  LLJ>.,  F.R.S.,  F.G.S. 


February  11, 1885. 

Prof.  T.  G.  BoHiTBT,  D.Sc,  LL.D.,  F.R.S.,  President,  in  the  Chair. 

Arthur  William  Clayden,  Esq.,  M.A.,  North  Lodge,  Bath  College, 
Bath ;  Samuel  Rideal,  Esq.,  B.Sc.  (Lend.),  F.C.S.,  Devon  Lodge, 
Mayow  Road,  Forest  Hill,  S.E. ;  and  H.  W.  WilHams,  Esq.,  Solva, 
Pembrokeshire,  were  elected  Fellows  of  the  Society, 

The  List  of  Donations  to  the  Library  was  read. 

The  following  communications  were  read  : — 

1.  "  The  Tertiary  and  Older  Peridotites  of  Scotland."  By  Prof. 
John  W.  Jndd,  F.R.S.,  SecG.S. 

2.  "  Boulders  wedged  in  the  Falls  of  the  Cynfael,  Ffestiniog," 
By  T.  Mellard  Reade,  Esq.,  F.G.S, 

[Abstract.] 

This  paper  briefly  described  certain  phenomena  of  stream-denu- 
dation observed  in  the  bed  of  the  Cynfael,  which  has  cut  a  deep 
channel  through  the  Lingula  Flags,  the  course  of  the  channel  being 
mainly  dependent  on  the  jointing  of  the  rock.  In  one  spot  the 
upper  beds  at  the  top  of  the  gorge  have  slid  upon  the  lower  along 
their  dip,  about  10°  to  north  by  east,  so  as  to  project  over  the 
stream  like  a  corbel ;  and  advantage  has  been  taken  of  this  to  form 
a  bridge  by  means  of  a  slab  of  rock  laid  from  the  projecting  mass  to 
the  top  of  the  opposite  bank.     At  another  point  several  very  large 
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boijlders  are  wedged  faet  in  the  channel,  and  suspended  over  the 
stream,  wliicli  flows  about  6  feet  btneath  them.  The  bouldere could 
not  possibly  have  been  carried  down  the  existiu^  gorge,  and  they 
did  not,  the  author  believed,  fall  from  above.  He  suggested  that 
they  might  have  been  carried  down  by  the  aid  of  ice,  probably  in 
the  glacial  period,  when  the  atream  ran  in  a  wider  channel  at  a 
higher  level,  and  that  the  stream  had  since  deepened  its  had  at  least 
6  feet  below  them* 

The  following  objects  were  exhibited : — 

Kock-fipecimcna  and  Microscopic  Sections,  exhibited  by  Prof. 
J.  W.  Judd,  F,R.S.,  in  illustration  of  his  paper. 

Platinotype  Photographs  of  Yi^ws  in  various  parts  of  England, 
illustrating  the  features  of  the  different  Geological  Formationa,  ex- 
bibited  by  R.  H.  Tiddeman,  Esq.,  F.G.8. 
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ANNUAL   GENERAL   MEETING, 

Febrnary  20, 1885, 

Prof.  T.  G.  BoiTKET,  D.8c.,  LL.D.,  F.R.8.,  Preeident,  in  the  Chair. 

BSPOBT  OF  THB  COUKOIL  FOR  1884. 

Ih  presentiDg  their  Beport  for  the  year  1884,  the  Council  of  the 
G^logioal  Society  r^;ret  to  have  to  state  that  the  improvement 
which  they  thought  might  he  recognized  in  the  position  of  the 
Society  when  they  drew  up  their  last  Annual  Eeport  has  not  been 
maintained.  They  can  only  once  more  express  the  hope  that  this 
state  of  things  is  due  chiefly,  if  not  entirely,  to  the  wide-spread 
depression  which  still  prevails,  and  that  in  ^e  course  of  a  year  or 
two  a  revival  of  the  general  prosperity  of  the  country  may  place  the 
affairs  of  the  Society  once  more  upon  a  satisfactory  footing. 

The  number  of  Fellows  elected  during  the  year  is  only  48,  of 
whom  34  paid  their  fees  before  the  end  of  the  year,  making,  with  9 
previously  elected  Fellows  who  paid  their  fees  in  1884,  a  total 
accession  during  the  year  of  only  43  Fellows.  Against  even  this 
small  number  we  have  to  set  the  loss  by  death  of  32  Fellows,  and 
by  resignation  of  18  Fellows,  while  8  Fellows  were  removed  from 
the  list  for  non-payment  of  contributions,  making  a  total  loss  of 
58  Fellows.  There  is  thus  a  decrease  of  15  in  the  number  of 
Fellows.  Of  the  32  Fellows  deceased  6  were  compounders,  and 
7  non-oonticibuting  Fellows,  and  as  1  non-contributing  Fellow 
became  Beflldent,  and  another  resigned,  the  number  of  contributing 
Fellows  is  reduced  by  6,  being  now  816. 

The  total  number  of  Fellows  and  Foreign  Members  and  Corre- 
spondents was  1434  at  the  dose  of  the  year  1883,  and  1420  at  t\c 
end  of  1884. 

At  the  end  of  the  year  1883  there  were  2  vacancies  in  the  list  of 
Foreign  Members;  and  during  1884  intelligence  was  received  of 
the  decease  of  2  Foreign  Members.  Four  Foreign  Members  were 
elected  during  the  year  to  fill  up  these  vacancies. 

In  the  list  of  Foreign  Correspondents  there  was  1  vacancy  at  the 
dose  of  1883,  and  intdligence  was  received  of  the  death  of  2  more 
during  the  year  1884.  These  losses,  with  the  filling  up  of  the 
above-mentioned  vacanoies  in  the  list  of  Foreign  Members,  pro- 

V0L,xij.  e 
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vea^lS^  tJ??  "I'/^""S  the  year.  Thus  at  the^Iose  a  the 
J  ear  1884,  the  li*t  of  Foreign  Mcmbere  wa»  complete,  aud  there 
we^2  vacaBcies  m  that  of  the  Foreign  Correind^nL  of  S 

only  A^62/  Is.  8</.  being  X87  i»*.  5rf.  less  than  the  estimated 
Income  for  the  year.  The  total  Expenditure,  on  the  otheVharid 
amounted  to  £2im  17..  6,/.,  or  ^109  13,.  mor'e  thaT  the  ^timaS 

income  of  the  year  was  therefore  .£172  15«  lOrf 
lfiS'\t!''r''^"!^f  ^  the  Soeietya  hands  at  the  beginuinR  of 

The  Council  have  to  announce  the  completion  of  Vol.  XL  and  th^ 
co^enceinent  of  Vol  XU.  of  the  SocieV,  Quarterly  fZZ 

irn?Rn^'^f^"%^'".**r  """""=*  *'"^t  a  valuable  Victur*  of  the 
Hot  fepmgs  of  Gardiner's  Eiver,  YellowBtouo  Park,  painted  on  Se 
8pot  by  T  Moran,  Esq.,  has  been  Wndly  presented  ti  the  ^TciX  tv 
that  gentleman  and  A.  G.  llensliaw  Esq    PQtS  ^  "^ 

The_^CouncU  have  awarded  the  WoUaston  Medal  to  George  Buak, 

rrieSi^Xr  "°^^^  ""^>-"-  -^  tho^a^mroTS 
The  Murehison  Medal,  with  the  anm  of  Ten  Guineas  from  fl.» 

p  r     f^^-  G.8.,m  testimony  of  appreciation  of  hia  resoarchoa  in 
Pa hrontology  and   Btratigraphical  Geolopv,  eswciallv^™   4^ 

of  ^«  F^    .  iledal  with  the  sum  of  Forty  Pounds  Iron,  the  proceed. 
of  the  Fund,  has  been  awarded  to  Profeaaor  H.  G.  .Seelev  F  KS 

to  \  ertebrate  Palieontologj-  and  General  Geology,  and  to  aid  h  ml 
the  further  prosecution  of  his  researchea.  S3 ,  aua  to  aid  hm,  m 

Tie  Bigaby  Medal  has  been  awarded  to  M.  Alphonse  Eenarf 
For.  Corr.  G.8  i„  token  of  appreciation  of  the  gr£  "due^?^ 
pejog^pbcal  reaearche.  among  the  older  formaSa  of  Belrium 
and  hi«  ahidies  of  the  nature  and  origin  of  Deep^ea  Deposit?^      * 

The  balance  of  tlie  proceeds  of  the  WonAHtunJ^nr,.^-^     j  , 
been  awarded  to  Dr.  Charles  C^awav  F  G  S    ;,fr     '^ 
value  of  Lis  i-estigation/ai^l^rtl' tet^n    ^crJ^T,"'^ 
hi^  in  the  further  prosecution  of  his  reseSs  '  ^^  ^  '"^ 

y.,It.^  ,  "I,^^^  J'""?*^'  ^^  *•"'  Mnrchiwn  Geological  Fund 

llie  balance  of  the  proceeds  of  the  Lyoll  Geolocicftl  Fimrl  »,«-  t. 
awarded  to  A.  3.  Jukes-Browne.  ^^^.G^i^'^'^^^^l^ 
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yalue  of  his  inyestigations  conoeming  the  snbdiviBions  of  the  Gre- 
taceoQB  Bocks  of  this  country,  and  to  aid  him  in  their  farther 
proeecation. 


Refobt  of  the  Libbabt  Ain>  Museum  Gomhitteb. 


lAbrary* 

Since  the  last  Anniversary  Meeting  a  great  number  of  valuable 
additions  have  been  made  to  the  Library,  both  by  donation  and  by 
pnrehase. 

Afl  Donations  the  Library  has  received  about  219  volumes  of 
separatelj  published  works  and  Survey  Eeports,  and  about  300 
Pamphlets  and  separate  impressions  of  Memoirs,  besides  about  134 
volumes  and  148  detached  parts  of  the  publications  of  various 
Societies,  and  16  volumes  of  independent  Periodicals  presented 
chiefly  by  their  respective  Editors,  and  also  16  volumes  of  News- 
papers of  various  kinds.  This  will  constitute  a  total  addition  to 
the  Society's  Library,  by  donation,  of  about  420  volumes  and  300 
pamphlets. 

A  considerable  number  of  Maps,  Plans,  and  Charts  have  been 
added  to  the  Society's  collections  by  presentations,  chiefly  from  the 
Ordnance  Survey  of  Great  Britain,  and  from  the  French  D^p6t  de 
k  Marine.  These  amount  altogether  to  832  sheets,  but  of  them 
788  sheets,  lai^e  and  small,  are  from  the  Ordnance  Survey.  Of  the 
ranainder,  26  sheets  are  from  the  D^p6t  de  la  Marine,  6  from  the 
Geological  Survey  of  Saxony,  6  from  that  of  Sweden,  5  from  that  of 
Norway,  and  1,  a  large  Geological  Map  of  Canada,  from  the  Canadian 
Geological  Survey. 

The  Books  and  Maps  above  referred  to  have  been  received  from 
154  personal  Donors,  the  Editors  or  Publishers  of  15  Periodicals, 
and  172  Societies,  Surveys,  and  other  Public  Bodies,  making  in  all 
341  Donors. 

By  Purchase,  on  the  recommendation  of  the  Standing  Library 
Cominittee,  the  Library  has  received  the  addition  of  32  volumes  of 
Books,  and  of  55  parts  (making  about  18  volumes)  of  various 
Pmodicals,  besides  33  parts  of  certain  works  published  serially. 
Of  the  Geological  Survey  Map  of  France  9  sheets  have  been  obtained 
by  purchase. 

The  cost  of  Books,  Periodicals,  and  Maps  purchased  during  the 
jear  1884  was  ^883  \4s.  M.,  and  of  Binding  £M  9«.  8cf.,  maHng  a 
total  of  jei38  3*.  \\d. 


c2 
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Mttseum* 

The  Collections  in  tlie  Mufleum  remain  in  mncli  the  Bame  con- 
dition as  at  tlie  date  of  the  laat  Keport  of  tlie  Committee, 

During  the  year  1884  ieveral  interesting  Donations  were  made  to 
the  Museum,  the  chief  among  them  hcing  a  series  of  fossil  ChBo- 
etomatous  Bryozoa  from  Muddj^  Creekj  Yictoria,  Australia,  iHmtTative 
of  5£r*  A.  W.  Watere'e  papers  in  the  *  Quarterly  Journal/  presented 
hy  J-  Bracehridge  Wilson,  Esq.,  of  Geebng,  The  others  were  : — A 
Bpecimen  of  Trowlesworthitc,  presented  hy  R,  K.  Worth,  Esq., 
F-G,S. ;  specimens  of  "  Iron-ami anthus,"  presented  hy  the  Eev,  J. 
Magens  Mello,  F,QK ;  specimens  illufitrative  of  hia  paper  on  Por- 
thaUa  Cove,  presented  by  J.  E.  Collins,  Esq:,  F,Q*S, ;  two  slides  of 
Cretaceous  Lichen oporidie,  presented  by  G,  K.  Yino,  Esq, ;  and  casts 
of  Footprints  in  the  Lower  New  Eed  Sandstone  of  Penrith ,  preeeat^d 
hy  G.  V,  Smith,  Esq.,  F.G,B. 
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COXPABAHYB  StATEKENT    of  THS   NinCBBB   OF    THB  SoOIBir  AT  THB 
OLOSB  OF  THB  TBAB8  1883  AND   1884. 


Dec.  81, 1883. 

Gomponnden 313 

Contributing  Fellows 822 

Non-contributing  Fellows . .         222 

1367 

Foreign  Members 38 

Foreign  Correspondents 39 

1434 


Deo.  81, 1884. 
313 
816 
213 

1342 
40 
38 

1420 


OomparaHve  Statement  explanatory  of  ike  AUeratione  in  the  Number 
of  FeU&we^  Foreign  Members^  and  Foreign  Correepondents  at  the 
dose  of  the  years  1883  and  1884. 


Number  of  Compounders,  Contributing  and  Non- 
contributing  Fellows,  December  31,  1883  .... 

Add  Fellows  elected  during  former  year  and  paid ' 
in  1884    

Add  Fellows  elected  and  paid  in  1884 


Deduct  Compounders  deceased 6 

Contributing  Fellows  deceased 19 

Non-contributing  Fellows  deceased  ....  7 

Contributing  Fellows  resigned 17 

Non-contributing  Fellow  resigned    ....  1 

Contributing  Fellows  removed 8 


1367 

9 
34 

1400 


—        68 


Number  of  Foreign  Members,  and  Foreign  1 
Correspondents,  December  31, 1883  . . . .  / 

Deduct  Foreign  Members  deceased 2 

Foreign  Correspondents  deceased    . .     2 
Foreign    Correspondents     elected  1      ^ 
Foreign  Members    j 


77 


—      8 


1342 


Add  Foreign  Members  elected , 

Foreign  Correspondents  elected 


69 
4 
6 

—        78 


1420 
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Deceased  Pellows, 

Cmipounders  (6). 

Adams,  G.  R,  Esq. 

Milligan,  J,,  Esq. 

Bragge,  W,,  Esq- 

Osborne,  Lient,-Col.  W- 

Lyon,  W.,  Esq, 

Wood,  S,  T.,  Esq. 

EtBidtnt  and  other  ContrihuUny  Ftlhtm  (19). 

Beanland,  Rer*  A. 

Murray,  Alex.,  Eflq. 

BrowBe,  W,  K,,  Esq. 

Pease,  T.,  Eeq, 

Forbes,  J.  E,,  Esq. 

Bichardeon,  R.,  Eaq. 

Godwin-Aueten,  R.  A.  C,  Esq, 

saver.  Rev.  F, 

Henty,  G.  M.,  Esq. 

Tomlisoii,  H.,  Esq. 

•       Herapath,  S.,  Esq. 

Tylor,  A.,  Esq. 

Hunter,  W,,  Esq. 

Yennor,  H.  G.,  Esq. 

Hutt,  Eev.  T.  G. 

WiBianis,  C.  0.,  Esq. 

Iselin,  J.  E.,  Esq. 

Williams,  J.  J.,  Esq. 

Jonee,  Sir  W.,  Bart. 

Non-canlribuiiiig  Fdlmvs  (7). 

BuekmaTi,  J.,  Esq. 

Lancaster,  J.,  Esq. 

ColthiiTBt,  J.,  Esq, 

Stokes,  Rev.  W,  H. 

Cuiley,  T.,  Esq. 

Wright,  Br,  T. 

Jenner,  B.  F.  L,,  Esq. 

Ffyreign  Members  (2)* 

Sella,  n  Com.  Q.                           |  Goppert,  Prof.  H.  B, 

Fm'tign  Corre^pmdenU, 

Hocbstetter,  Br.  F.  von.               |  Jager,  Br.  G,  F. 

^K                                                     F€Uows  Eestgned  (18). 

^^H          Cockbuni,  W.,  E&q. 

Mon-is,  T).,  Esq. 

^^H          Cooke,  Maj.-Geueral  A.  C. 

Neafe.  P.  J.,  Esq. 

^^H          Fox,  a  J.,  Esq. 

PrestoD,  L.,  Esq. 

^^H         Gibson,  Br.  G.  A. 

Rogers,  A.,  Esq. 

^^H         GreaTes,  llev.  R.  W. 

Ross,  Lieut  .-Col,  W.  A. 

^^H         Herdwiek,  P.  C,  Esq. 

Saiiiter,  J.  D.,  Esq. 

^^H         Harna,  W.  H.,  Esq. 

Stair,  A.,  Esq. 

^^B        Ladoll,  H.  lU  Esq. 

Ward,  J.,  Esq. 

^^m        MarshaU,  J.,  Esq. 

Willis,  J.,  Esq. 

^^^1                                                                                                                            Digitized  by  GoOglC 
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Fellows  Removed  (8). 


IS 


Bevan,  G.  P.,  Esq. 
Byrom,  W.  A.,  Esq. 
Coates,  J.,  Esq. 
Kemshead,  Dr.  W.  B. 


Mellor,  T.  K.,  Esq. 
Parsons,  Sergeant  W* 
Randell,  J.  E.,  Esq. 
Shaw,  Dr.  J. 


2%^  following  Personages  were  eUcUd  from  the  List  of  Foreign  Oor- 
respondmls  to  fUl  ihe  vacancies  in  the  List  of  Foreign  Members 
during  the  year  1884. 

Professor  G.  Oapellini  of  Bologna. 
Professor  A.  L.  O.  Des  Oloizeaux  of  Paris. 
Professor  G.  Meneghini  of  Pisa. 
Professor  J.  SzaW  of  Pesth. 


The  following  Personages  were  elected  Foreign  Correspondents  during 

ihe  year  1884. 

Dr.  Charles  Barrois  of  Lille. 
M.  Alphonse  Briart  of  Morlanwelz. 
Professor  Hermann  Credner  of  Leipzig. 
Baron  0.  von  Ettingshausen  of  Gratz. 
Dr.  E.  Mojsisovics  von  Mojsv&r  of  Vienna. 


After  the  Reports  had  heen  read,  it  was  resolved  :— 

That  they  be  received  and  entered  on  the  Minntes  of  the  Meeting, 
and  that  such  parts  of  them  as  the  Council  shall  think  fit  he  printed 
and  diatributed  among  the  Fellows. 
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It  waa  oiterwards  resolved ; — 

That  the  thanks  of  the  Society  be  given  to  Professor  J,  Pr^twich 
retiriBg  from  the  office  of  Vico-President» 

That  the  thaaks  of  the  Society  be  given  to  Colonel  H*  H,  Godwin- 
Austen,  Professor  T,  M*^Kenny  Hmghes,  Professor  J,  Prestwich,  and 
F,  W.  Rudler,  Esq*,  retiring  from  the  Council* 

After  the  BaJloting-glassea  had  been  duly  closed,  and  the  liste 
examined  by  the  Scrutineers,  the  following  gentlemen  were  declared 
to  have  been  duly  elected  as  t^e  Officers  and  Coimcii  for  the  ensuing 
year: — 
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OFFICEKS. 

PRESIDENT. 
Prof:  T.  G.  Bonney,  D.Sc.,  LL.D.,  F Jt.S. 

VICE-PRESIDENTS. 

Vf.  Carratliors,  Esq.,  F.R.8. 
John  Evans,  D.C.L.,  LL.D.,  F.R.8. 
J.  W.  Hulke,  Esq.,  F.R.S. 
J.  A.  Phillipe,  Esq.,  F.R.8. 

SECRETARIES. 

W.  T.  Blanford,  LLJ).,  F.R.8. 
Prof.  J.  W.  Judd,  F.R.8. 

FOREIGN  SECRETARY. 
Warington  W.  Smyth,  Esq.,  M.A.,  F.R.8. 

TREASURER. 
Prof.  T.  Watshiro,  MX,  F.L.8 


COUNCIL. 


H.  Baaerman,  Esq. 

W.  T.  Blanford,  LL.D.,  F.R.8. 

Prof.  T.  G.  Bonney,  D.Bo.,  LL.D., 

FJLS- 
W.  Carrathers,  'Baq.,  F.R.S. 
Prot  W.  Boyd  Dawkins,  M.A., 

FJL8. 
Jolin  Evans,  D.C.L.,LL.D.,F  JL8. 
A.  Geikio,  LL.D.,  F.R.S. 
Henry  Hicks,  MJ). 
Ber.  Edwin  BM,  MjL 
O.  J.  :mnde,  PhJ). 
John  HopkhiBon,  Esq. 


W.  H.  Hudleston,  Esq.,  MAi., 

F.R.8. 
J.  W.  Hulke,  Esq.,  F.R.S. 
Prof:  T.  Rupert  Jones,  F.R.8. 
Prof.  J.  W.  Judd,  F.R.8. 
J.  E.  Marr,  Esq.,  M.A. 
J.  A.  Phillips,  Esq.,  F.R.8. 
W.  W.  Smyth,  Esq.,  M. A.,  F.B.S. 
J.  J.  H,  Teall,  Esq.,  M.A. 
W.  Topley,  Esq. 
Prof.  T.  Wntshire,  M.A.,  F.L.S. 
Rev.  H.  H.  Winwood,  M.A. 
H.  Woodward,  LL.D.,  F.R.a 
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f  8  PROCEEDINGS  OP  TUB  (IBOLOaiCiL  BOCIBTT. 

LIST  OF 

THE  FOREIGN  MEMBEES 

OF  THE  GEOLOGICAL  SOCIETY  OF  LONDON^  ik  1884. 

Bate  of 

1827.  Dr.  H.  von  Declien,  Borm. 

1848.  James  Hall,  Esq.,  Albany ^  State  of  New  York, 

1850.  Frofe^or  Berahard  Studer,  Berne. 

1851.  Professor  Jamea  D*  Dana,  A^ew  Haven^  Cofmeciieut, 
185L  General  G.  von  Htilmerseii,  St.  Petershnrff. 

1853*  Count  Alexander  von  Keyaeiling,  Rat/kiiily  Rama, 

1853,  FrofwsBOT  L,  G.  de  Koninck,  LiSge. 

1856.  Profeftaor  Kobert  Bim&en,  For.  MenL  R.S.j  SeideJherg. 

1857.  Profeasor  IL  R.  Gcippert,  Bresiau,     (Deceased*) 
1867,  Professor  H,  B.  Geinitz,  Ihmdefu 

1857.  Dr.  Hermann  Abich,  Vienjtu, 

1869,  Dr.  FenHnand  Romer,  Breshu. 

1860.  Dr.  H.  Milne-Edwards,  For,  Mem.  B.S,,  Paris, 

1864.  M,  Jules  DesnoyerSj  Paris, 

1866.  Dr.  Josepb  Leidy,  Phiiadelphia. 

1867.  Piofeasor  A.  Daubrt-e,  For.  Mem.  R.S.,  Paris, 
1871.  Dt,  Fwtn*  Ritter  von  Hauer,  Vimna, 

1874.  ProfeaaoT  Alplionse  Favre,  Geneva. 

1874.  Professor  E.  I^bert,  Paris. 
1874  Professor  Albert  Gaudry,  Pans, 

1875.  Professor  Fridolin  Sandberger,  TT^rsftwry, 
1875,  Professor  Thoodor  Kjerulf,  Chrisliania. 

1875.  Professor  F,  August  Quenatedt,  Tiihingm, 

1876.  Profesaor  E.  Beyrieli,  Berlin. 

1877.  Dr,  Carl  Wilhelm  Giimbta,  MmUch. 
1877.  Dr*  Eduard  Sues.s,  Vienna, 

1879.  Dr.  F.  V.  Hayden,  Washington. 

1870.  Major-General  N.  von  Kokscliarow,  (Si.  Peiershurg. 
1870,  M.  J  ules  Marcou,  Camhridge^  U,  S. 

1879.  Dr.  J,  J.  S.  Steenstnip^  For,  Mem.  RS.^  Chpenhagm, 

1880.  Professor  Gustave  Dewalque,  Li4ge, 
1880,  BaroB  Adolf  Erik  Nnrdeu-*kjoId,  StockMm, 

1880,  Professor  Ferdinand  Zirkel,  Leijjzig, 

1881,  H  Commendatore  Qiiintino  8ella,  Eome,     (Deceased,) 
1882*  Professor  Sven  Lov^n,  Stockholm,      , 

1883.  Professor  Lndwig  Rutiuif^yer,  Baste, 

1883.  Professor  J,  S,  Newberry,  AVip  York. 

1883.  Profcf^sor  Otto  Martin  Torell,  Stockholm, 
1884  Professor  G.  Capellini,  Bologna. 

1884,  ProfesHor  A.  L.  O.  Des  Cloizeaux,  For,  Mem.  R.S.,  P^ms, 
1884.  Professor  G,  Meneghini,  Pisa, 

1884.  Pi^ifeesor  J.  Szab6,  i^A. 
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AJSnXVAL  BEPOBT.  I9 

LIST  OF 
THE  FOEEIGN  COREESPONDENTS 

OF  THE  GEOLOGICAL  SOCIETY  OF  LONDON,  in  1884. 

Dsteof 


1863.  Dr.  G.  F.  Jager,  SMigart,    (DeceoBed.) 

1863.  Count  A.  G.  Marscliall,  Vienna. 

1863.  Professor  Giuseppe  Ponzi,  Home. 

1863.  Dr.  F.  Senft,  Eisenach. 

1864.  Dr.  Charles  Martins,  MontpeOier. 
1866.  Professor  J.  P.  Lesley,  Philadelphia. 
1866.  Professor  Victor  Ranlin,  Bordeaux. 
1866.  Baron  Achille  de  Zigno,  Padua. 
1872.  Herr  Dionys  Stur,  Vienna. 

1872.  Professor  J.  D.  Whitney,  Cambridge,  U.  S. 

1874.  Professor  Igino  Cocchi,  Florence. 

1874.  M.  Gustaye  H.  Cotteau,  Auxerre. 

1874.  Professor  G.  Seguenza,  Messina. 

1874.  Dr.  T.  C.  Winkler,  jyoorfem. 

1875.  Professor  Gustav  Tschermak,  Vienna. 

1876.  Professor  Jules  Goeselet,  Lille. 

1877.  Professor  George  J.  Brush,  New  Haven. 
1877.  Professor  E.  Renevier,  Lausanne. 

1877.  Count  Gaston  de  Saporta,  Aix-en-I^ovence. 

1879.  Professor  Pierre  J.  van  Beneden,  For.  Mem.  RS.,  Louvain. 

1879.  M.  j^ouard  Dupont,  Brussels. 

1879.  Professor  Guglielmo  Guiscardi,  Naples. 

1879.  Professor  Gerhard  Yom  Rath,  Bonn. 

1879.  Dr.  ^mile  Sauvage,  Paris; 

1880.  Professor  Luigi  Bellardi,  Turin. 

1880.  Dr.  Ferdinand  von  Hochstetter,  Vienna.    (Deceased.) 

1880.  Professor  Leo  Lesquereux,  Columbus. 

1880.  Dr.  Mekhior  Neumayr,  Vienna. 

1880.  M.  Alphonse  Renard,  Brussels. 

1881.  Professor  E.  D.  Cope,  Philadelphia. 

1882.  Professor  Louis  Lartet,  Totdouse. 

1882.  Professor  Alphonse  Milne-Edwards,  /Vim. 

1883.  3L  Fran9oi8  Leopold  Comet,  Mons. 
1883.  Baron  Ferdinand  von  Richthofen,  Leipzig. 

1883.  Professor  Karl  Alfred  Zittel,  Munich. 

1884.  Dr.  Charles  Barrois,  LiUe. 
1884.  M.  Alphonse  Briart,  Morlanwelz. 
1884.  Professor  Hermann  Credner,  Leipzig. 
1884.  Baron  C.  von  Ettingshausen,  Oratz. 
1884.  Dr.  E.  Mojsisovics  von  Mojsv&r,  Vienna. 
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VKOUEmHTSQB  OP  THE  QEOLOQICAI.  iOCTBTT, 


AWARDS  OF  THE  WOLLASTON  MEDAL 

0NEER   THE    CONDITIONS   OF   THE    "DONATION   FUND" 


VSTAllLrBHED  BT 


WILLIAM  HYDE  WOLLASTON,  M.D.,  RE.a,  F.G.8.,  Ac. 

*'To  promote  researclieB  concerning  tlie  mineral  structure  of  the  earth, 
and  to  enable  the  Coundl  of  the  Geological  Society  to  reward  those 
individuals  of  any  country  by  whom  such  rcaearcheB  may  hereafter  be 
inade," — *^fluch  individual  not  being  a  Member  of  the  Council." 


1831. 
1836. 
1836. 

1837. 

18S8. 
1839. 
1840. 
184L 
1842. 

184a 

1844. 
1845. 
1848. 
1847. 

1848. 
1849. 
1860. 
1861. 
1852. 

1863. 

1854. 

1855, 
1866. 
1867. 

1858. 


Mr.  William  Smith. 
Dr*  G.  A.  ManteU, 
M.  Louis  Aga&djE. 
|Capt.T.P.Cautl©y. 
I  Dr.  R  Falconer. 
Sir  Bichard  Owen. 
Profeasior  0.  G.  Ehrenherg. 
Professor  A  H,  Dumont 
M.  Adolphe  T.  Brongniart. 
Baron  L.  von  Buch. 
j  M.  Elie  de  Befiumont. 
]  M.  P.  A.  Dufir^noy. 
KeT.  W.  D.  Conybeare. 
Professor  John  Phillipa, 
Mr.  William  Lonsdale. 
Dr.  Ami  Bou^. 
Rev,  Dr.  W.  Buckland. 
Professor  Joseph  Prestwich. 
Mr.  William  HopTcins. 
Kev,  Prof,  A.  Sedgwick, 
Dr.  W,  n.  Fitton. 

{M.  le  Vicomte  A.  d'Archiac. 
M.  E.  de  VemeuiL 
Sir  Richard  Griffith. 
Sir  n.  T.  De  la  Beche. 
Sir  W.  E.  Logan, 
M.  Joachim  Barrande, 

(Herr  Hermann  von  Meyer. 
Mr.  James  HaO. 


ia59.  Mr.  Charles  Darwin. 
1800.  Mr.  Se^rles  V.  Wood. 

1861.  Professor  Dr,  H.  G.  Bronn. 

1862.  Mr.  R.  A.  C.  God  win- Austen. 

1863.  Professor  Guatav  Bischof. 

1864.  Sir  R.  L  Murchison. 
1866.  Dr.  Thomas  Davidson* 

1866.  Sir  Charles  Lyell. 

1867.  Mr.  G.  Poulett  Scrope. 

1868.  Profefisor  Carl  F.  Naumana. 
1860,  Dr.  H.  C.  Sorhy. 

1870.  Professor  G,  P.  Deshayee. 

1871.  Sir  A,  C.  Ramsay. 

1872.  Professor  J.  D.  Dana. 

1873.  Sir  P.  de  M.  Grey-Egerton. 

1874.  Professor  Oswald  Heer. 
1876.  Professor  L.  G.  de  Eoninek. 

1876.  Professor  T.  IL  Huxley. 

1877.  Mr.  Robert  Mallet. 

1878.  Dr.  Thomas  Wright 
1870,  Professor  Bemhard  Studer, 

1880.  Professor  Auguate  Daubr^ 

1881.  Professor  P.  Martin  Duncan* 

1882.  Dr.  Franz  Ritter  von  Haner. 

1883.  Mr.  W.  T.  Blanford. 

1884.  Professor  Albert  Gaudry, 
1886.  Mr.  G&orge  Busk. 
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AWARDS 

OF  THB 

BALANCE  OF  THE  PROCEEDS  OF  THE  WOLLASTON 


'^DONATION-FUND." 


SSL 
83S. 
.834. 
835. 
83a 


1840. 
L841. 

842. 
843. 
844. 
,845. 
846. 
847. 

.848. 

1849. 
860. 
851. 
852. 
853. 
854. 
[855. 
856. 
.867. 
858. 


Mr.  William  Smith. 
Mr.  William  Lonsdale. 
M.  Louis  Agassiz. 
Dr.  G.  A.  Mantell. 
Professor  Q.  P.  Deshayes. 
Sir  Richard  Owen. 
Professor  C.  G.  Ehrenberg. 
Mr.  J.  De  Carle  Sowerby. 
Professor  Edward  Forbes. 
Professor  John  Morris. 
Professor  John  Morris. 
Mr.  William  Lonsdale. 
Mr.  Geddes  Bun. 
Mr.  William  Lonsdale. 
M.  Aldde  d*Orbigny. 

iCape-of-Good-Hope  Fossils. 
M.  Aldde  d'Orbigny. 
Mr.  William  Lonsdale. 
Professor  John  Morris. 
M.  Joachim  Barrande. 
Professor  John  Morris. 
Professor  L.  G.  de  Eoninck. 
Dr.  S.  P.  Woodward. 
Drs.  G.  and  F.  Sandberger. 
Professor  G.  P.  Deshayes. 
Dr.  S.  P.  Woodward. 
Mr.  James  HalL 
Mr.  Charles  Peach. 


J  Professor  T.  Rupert  Jones. 
1860.  ]  Mr.  W.K.  Parker. 
186L  Professor  A.  Daubr^. 

1862.  Professor  Oswald  Heer. 

1863.  Professor  Ferdinand  Senft. 

1864.  Professor  G.  P.  Deshayes. 
1866.  Mr.  J.  W.  Salter. 

1866.  Dr.  Henry  Woodward. 

1867.  Mr.  W.  H.  BaUy. 

1868.  M.  J.  Bosquet. 

1869.  Mr.  W.  Carruthers. 

1870.  M.  Marie  Rouault 

1871.  Mr.  R.  Etheridge. 

1872.  Dr.  James  CroU. 

1873.  Professor  J.  W.  Judd. 

1874.  Dr.  Henri  Nyst. 
1876.  Mr.  L.  C.  MiaU. 

1876.  Professor  Giuseppe  Seguenza. 

1877.  Mr.  R.  Etheridge,  Jun. 

1878.  Professor  W.  J.  SoUas. 

1879.  Mr.  8.  Allport, 

1880.  Mr.  Thomas  Pavies. 

1881.  Dr.  R.  H.  Traquair. 

1882.  Dr.  G.  J.  Hinde. 

1883.  Mr.  John  Milne. 

1884.  Mr.  E.  Tulley  Newton. 

1885.  Dr.  C.  Callaway. 


AWARDS  OF  THE  MURCHISON  MEDAL 

AND  OF  THB 

PROCEEDS  OF  "THE  MURCHISON  GEOLOGICAL  FUND," 

ESTABLISHED  UNDER  THE  WILL  OF  THE  TiATE 
SIR  BODERIOK  IMPEY  MI7B0HISON,  Babt.,  F.B.S.,  F.0.S. 

"To  be  applied  in  every  consecutive  year  in  such  manner  as  the  Coundl 
of  the  Society  may  deem  most  useful  in  advancing  geological  science, 
whether  by  granting  sums  of  money  to  travellers  in  pursuit  of  know- 
ledge, to  authors  of  memoirs,  or  to  persons  actually  employed  in  any 
inqiiiiies  bearing  upon  the  science  of  geology,  or  in  rewarding  any 
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PROC^DmSS  OF  THE  OEOLOOICAL  SOCIBTT. 


fitich  travellera,  authora,  or  other  person Bj  and  the  Medal  t-o  be  giTen 
to  some  person  to  wliom  such  Council  shall  grant  anj  Bum.  of  monej 
or  reoomp«iise  in  re&pact  of  geological  Bcience/' 


1 


1873.  Mr.  William  BaYiee.  Medal 

1873.  Professor  Oswald  Heer, 

1874.  I>r.  J.  J.  Bigaby.    Medal. 
1874,  Mr.  Am-cd  Bell. 

1874,  Professor  Ralph  Tate. 
1871?.  Mr-  W.  J.  Henwood.    Medal 

1875.  Profesaor  H.  G.  Seeley. 
1870.  Mr.A.RC.Selt^Tn.   Medal. 

1876.  Dr.  James  Croll. 

1877,  Rev.  W.  B.  Clarke.     Medal. 

1877.  Professor  J.  F.  Blitk e. 

1878.  Dr.  H.  B.  Geiuitz.     3rcdaL 

1878.  Profeesor  C.  Lapworth. 

1879.  Professor  R  M*Coy.    Medat. 


187a  Mr.  J.W.  Kirkbj. 

1880.  Mr.  R.  Etheridge,     Medal 

1881.  ProfesaorA.Geikie.  Medal. 

1881.  Mr.  F.  Rutley. 

1882.  ProfessfirJ.GosHelGt.    Mt^al 
1882.  Professor  T.  Rupert  Jones. 
188a  Professor    FT.    R.    Goppert 

Medid, 
188»3.  Mr.  John  Young. 
1884.  Dr.  H.  Woodward.     Medal. 

1884.  Mr.  Martin  Simpson. 
188.5.  Profes,sorF.Romer.    Medal 

1885.  Mr.  H.  B.  Woodward. 


AWARDS  OF  THE  LYELL  MEDAL 

AND  OP  THE 

PROCEEDS  OF  THE  "LITILL  GEOLOGICAL  FUND," 

EfiTABLIgBED    UNDEK    THE   WILL  AN0    CODICIL    OF   THE    LATE 
BIB  CHARLES  LYELL,  Bart.,  F.R.S.,  F  G.B. 

Hit  Medal  '*  to  be  given  annnallj  "  (or  from  time  to  time)  "  as  a  murk  of 
liofioraty  distinction  as  an  expression  on  the  part  of  the  goTeming 
bod  J  of  the  Society  that  the  Medallist  bas  deserved  well  of  the 
Sdence/* — ^"  not  has  than  one  thiid  of  the  annual  mtt^rest  [of  the 
fund]  to  accompany  the  Medal^  the  remaining  interest  to  h«  given  in 
one  or  more  portions  at  the  discretion  of  the  Council  for  the  encou* 
ragement  of  Geology  or  of  any  of  the  allied  sciences  hy  which  they 
shall  consider  Geology  to  have  been  most  materially  ad^-anced.** 


John 


Morns. 
Medal. 


1876,  Profesfior 

Medal. 

1877.  Dr.  James  Hector, 

1877,  Mr.  W.  Pengelly. 

1878.  Mr.  G.  Busk.    Medal, 

1878.  Dr.W.  Wnagen. 

1879.  Professor  Edmond   Hubert. 

Medal 
1879.  ProfeB.«kiT  H.  A.  Nicholson. 

1879.  Dr.  Henry  Woodward. 

1880.  Mr.  John  Evans.     Medal 
1880.  Professor  F.  Quenstedt 
188L  Sii  J.  W.  Dawson*    Medal 


1881.  Dr.  Anton  Frit^ch. 

1881.  Mr.  G.  R.  Vine. 

1882.  Dr.  J.  Lyeett.    MfdaL 
1882.  Rev.  Norman  Ghss. 

1882.  Professor  C.  Lapworth. 

1883.  Dr.  W.  B.  Cfirpenter.  Medal, 
188a  Mr.  P.  IT.  Carpenter. 

1883.  M.  E  Rigftiix. 

18.S4.  Dr.  Joseph  Leidj.    Medal 

1 884.  Prof 0 J^8o  r  C  h  arl  es  Lapworth . 

1885.  Professor     H.     G.     Seelej. 

iMedal 
1885.  Mr.  A.  J.  Juke^-Browne* 
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AWAEDS  OF  THE  BIGSBY  MEDAL, 

TOVKNSD  BT 

Da.  J.  J.  BIGSBY,  F.R.S.,  F.G.S. 

To  be  awaided  biennially  ^  as  an  acknowledgment  of  eminent  services 
in  any  department  of  G^ology^  irrespective  of  tlie  receiver's  coimtry ; 
bat  be  must  not  be  older  than  45  years  at  bis  last  birthday,  thus 
probably  not  too  old  for  further  v^ork,  and  not  too  young  to  have  done 
much.'* 

1877.  Pirofeeeor  O.  C.  Marsh.  1883.  Dr.  Heniy  Hicks. 

1879.  Professor  E.  D.  Cope.  1885.  M.  Alphonse  Renard. 

1881.  Dr.  C.Barrois. 


AWABDS.OP  THE  PROCEEDS  OF  THE  BARLOW- 
JAMESON  FUND, 

S8TABLI8HBD  UNDER  THE  WILL  OF  THE  LATE 

Db.  fit.  C.  BARLOW,  F.G.S. 

''The  perpetual  interest  to  be  applied  every  two  or  three  years,  as  may 
he  approyed  by  the  Council,  to  or  for  the  adyancement  of  Geological 
Sdeoce." 


1880.  Puicbaae  of  microscope. 

1881.  Purchase  of  microscope  lamps. 

1882.  Baron  O.  von  Ettingshausen. 


1884.  Dr.  James  CrolL 

1884.  Professor  Leo  Lesquereux. 
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#4  PBocBEi»nros  of  tse  @£0i.a«icAii  mcxwn. 

Estimates  for 

mOOME  EJPBCTBD. 

£     t.    d,     £     $,    d. 

Due  for  SubecriptionB  for  Quartarlj  Journal  , .      2    0    0 

Dae  for  iVrrears  uf  Annual  Contributions .160    0    0 

Due  for  Aneara  of  AdmisiioD-fees  , 81  16    0 

243  le    O 

Estimated  Ordinary  iDCome  for  1886 : — 

Annual  Contributions  from  Beaident  Fellowa,  and  Non- 
reaidents  1B59  to  1861 _ .  1440    0    O 

Admis^on-'feee   ........ « . , . »    26^    0    O 

OompoaitioDs 168    0    0 

Aaniial  Contributions  in  advance    ..,,,.,,, , , ,  ^       21    0    O 

IHTidends  on  ConsoLg  and  Reduced  3  per  Cents « •     230    0    O 

Advertisements  in  Quarterly  Joumal • . .  < ,        5  10    0 

3^e  of  Transactions,  Librarj'-catalogue,  Orme- 
rod^fl  Index,  Hochstetter's  New  Zealand,  and 
list  of  Fellows ^. .       6    0    0 

Sale  of  Quarterly  Journal,  including  Longman^a 
account 200    0    0 

Sale  of  Geological  Map,  including  Stanford^a 
account   ..*,•♦ , , 16    0    0 

221    0    0 


£2581    6    0 


THOMAS  A^TLTSmRE.TBXAa.^ 
11  F€b,  1885. 
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jrDTAirOIAL  BBPOBT.  2$ 

the  Year  1885. 

EXPENDITUEB  ESTIMATED. 

£    8,  d.       £     s.    d. 
House  Expenditure : 

Taxes  and  Inauranoe    34  10    0 

Gaa 22    0    0 

Fuel w. 30.  0    0 

Furniture  and  Bepain 20    0    0 

House-repairs  and  Maintenance 15    0    0 

Annual  Cleaning 20    0    0 

Washing  and  Sundries 32    0    0 

Tea  at  Meetings 16    0    0 

189  10    0 

Salaries  and  Wages : 

Assistant  Secretary  350    0  0 

aerk 160    0  0 

Assistant  In  Library  and  Museum 130    0  0 

House  Steward 105    0  0 

Housemaid    40    0  0 

ErrandBoy  46  16  0 

Charwoman  and  Occasional  Assistance 30    0  0 

Attendants  at  Meetings   8    0  0 

AcoountanU 10  10  0 

880    6    0 

Official  Expenditure : 

Stationery 26    0    0 

Misoellaneous  Printing    22    0    0 

Postages  and  other  Expenses 65    0    0 

112    0    0 

Libraiy 150    0    0 

Soirfe  (half  cost) 34    0    0 

Publications: 

Geological  Map  20    0    0 

Quarterly  Journal 950    0    0 

„  ,,         Commission,     Postage, 

and  Addressing 100    0    0 

list  of  Fellows  34    0    0 

Absuaets,  including  Postage     110    0    0 

1214    0    0 

Balance  in  fsvour  of  the  Society 1  10    0 

£2581    6    0 


TOL.  XLI.  d 
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t6  PHOCEEMKaS  OP  THE  SiBOLOGICAL  SOCIFTT. 

Income  and  Expenditure  during  the 

EECEIPTS. 

£      ».     d,      £      9,     d. 
Balance  in  Bankers'  hands,  1  January  1884,  346     0     1 

Balance  in  Clerk'a  hands,  1  January  18S4.     16     3    5 

362    3    6 

Compositions  ....,, , 168     0     0 

Arrears  of  Admiasion-fees 56  14    0 

Admisaion-fees,  1884 214    4    0 

270  18    0 

Arreara  of  Annual  Contribntioas  . , 157     7     6 

Annual  Contributions  for  18S4,  viz. : 

Bwident  Fellows  ....,,..,    1415     8    0 
Non-KeaidentFellawfl...       18  18    0 

— — 1434    6    0 

Annual  Contributiona  in  advance 35  14    0 

Dividends  on  Consols 204     3     1 

„  Keduced  3  per  Cents. 30    8  10 

234  11  11 

Taylor  &  Francis :  Advertisements  in  Journal,  Vol.  39 . .       5  10    9 
PubHcatione  : 

Sale  of  Joumal,  Vols,  1^39 113  15    0 

Vol  40* „.„    80    B    9 

Sale  of  Library  Catalogue ,       2    7    0 

8«de  of  G^eologioil  Map 20    7    8 

Saleof  Oniienxra  Indei........ 1  15     1 

Sale  of  HoclistettorB  New  Zealand   0  12    0 

Sale  of  Transact k) 08 1     4    0 

Sale  of  LiEt  of  Fellows  0    3    0 

—  220  13    e 

*Due  froTn   Meflsrs,  Longman,  in  additioin  to  the 

above,  on  Journal,  Vol  40,  &4J> ^99 

Due  from  Stanford  on  account  of  Geological  Map        3     11 

m  10  10 


i:2889    6     2 


We  have  compared  this  atatcment 
with  the  Books  and  Accounts  presented 
to  us,  and  find  them  to  agree. 


(Signed)    W.  H.HTOLESTON, 

9  F€k  1886. 


.  H.  HUBLESTON,        \    .  ^^^^^       , 

ARTHUB  PHlIXlPS,|z^J^©f3ogle 


FINANCIAL  BEPOKT.  2'] 

Year  ending  81  December ^  1884. 

BXPENDITUBE. 

House  Expenditure:  £    $.   d,         £   «.    d. 

Taxea  19    2    6 

Fire-insaranoe    12    0    0 

Gaa 20  19    6 

Fuel 28  17    0 

Furniture  and  Bepain II     2    9 

House-repairs 12  11    4 

Annual  Cleaning  19  13    6 

Washing  and  Sundries 3115    1 

Teaat  Meetings 16    0    0 

172     1      6* 

SalarieB  and  Wages : 

Assistant  Secretary   350    0  0 

Clerit  160    0  0 

Assistant  in  Library  and  Muwnm  130    0  0 

House  Steward  105    0  0 

Housemaid     40    0  0 

Errand  Boy   44  16  0 

Charwoman    28  17  6 

Attendants  at  Meetings 8    0  0 

Aooountants   10  10  0 

877     3     6 

Official  Expenditure : 

Stationery  \ 21  15    1 

Miscellaneous  Printing 21  13    3 

Postages  and  other  Expenses  75    8    9 

118  17     1 

library 138    3  11 

Publications : 

Geological  Map    24  10  11 

Journal,  Vols.  1-^9 12  13    1 

VoL40  1106    5    4 

„  n     Commission, 

Postage,  and  Addressing .     105    2    0 

1211    7    4 

Listof Fellows 33  12    9 

Abstracts,  including  Postage Ill    7    5 

1393  11     6 
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3©  ^EOCTEEDnrQS  OF  THB  S10LO#IOA1  SOCIETY. 

AWA^B  OF  THE  WoLLi^TOlT  MeDAI., 

In  handing  the  WoDaBton  Gold  Medal  to  Dr.  W.  T.  Blajtfokd, 
F,R,S,,  for  tranBmi&sion  to  Mr.  Geoboe  Busk,  F.B.S.,  F,G.8.,  the 
President  addreesed  him  as  follows  : — 

Dr,  Blanfoed, — 

The  CottncO  of  the  Geological  Society  has  awarded  to  Mr.  George 
Bnsk  the  WoUaston  Medal  in  recognition  of  the  value  of  his  re- 
searches in  more  than  one  branch  of  PalBeontology.  Polyzoa^  not 
only  fossil  but  also  recent,  he  has  made  peculiarly  Ms  own;  and  his 
numerouB  separate  papers,  his  British  Museum  Catalogue,  and  his 
memoir  on  the  Polyzoa  of  the  Oag,  have  entitled  him  to  the  lasting 
gratitude  of  workers  at  this  class  of  the  Moliuscoida.  But,  perhaps 
as  a  relief  to  the  study  of  these  minute  invertebrates,  he  has  occu- 
pied himself,  not  less  sucoessfuDy,  with  the  larger  vertebrata,  so 
that  to  him  we  are  Indebted  for  much  information  on  the  fauna  of 
PoBt^tertlary  deposits,  especially  from  the  caves  of  Malta  and  of 
Brixham.  Permit  me^  in  handing  you  this  Medal  for  tr  an  amission 
to  Mr.  Busk,  to  express  my  pleasure  at  having  such  a  dtitj  to  dis- 
charge, and  my  earnest  hope,  in  which  I  am  sure  all  present  wiU 
share,  that  restored  health  may  enable  him  to  continue  his  work  in 
the  cause  of  our  science. 

Br*  BiiAjffFOKn,  in  reply,  expressed  his  gratification  at  being  selected 
as  the  medium  for  transmitting  the  WoUaston  Medal  to  Mr.  Busx, 
whose  compulsory  absence  he  nevcrtheleea  greatly  regretted,  and 
from  whom  he  read  tlie  following  letter : — 

"  32  Hirley  Street,  W. 
"Feb.  la,  1885, 
"  Dear  Mr,  PBEsmmrr, — 

**Afl,  much  to  my  regret  and  disappointment,  I  find  myself 
unable  to  attend  the  Annual  Meeting,  1  must  trespass  upon 
your  kindness  to  express  my  warmest  thanks  iind  best  acknow- 
ledgments tor  the  honour  you  and  the  Council  have  conferred  upon 
me  ill  the  award  of  the  oldest  of  the  Society *a  Medals,  and  whose 
recipients  form  such  a  long  and  distinguished  roll,  to  which  any  one 
may  indeed  be  proud  to  see  bis  nsime  added. 

**  The  honour,  also»  in  my  eyes,  is  doubly  gratifying  as  being  the 
second  testimonial  of  the  same  kind,  and  showing  the  favourable 
estimation  in  which  my  few  labours  have  been  held  by  the  Geo- 
logical Society  of  London,  whose  continued  prosperity  and  useful- 
ness will  always  be  an  object  of  my  warmest  wishes. 

"Believe  me, 

Yours  very  sincerely, 

Geo.  Busk,'' 

Prof.  T.  0.  Emmy,  F,E,S. 
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AWABD  OF  THE  WoLLAflTOF  DONATION  PtTND. 

The  PBBatDENT  then  presented  the  Balance  of  the  Proceeds  of  the 
WoUaston  Donation  Fund  to  Dr.  Chablbs  Callaway,  F.G.S.,  and 
addressed  him  as  follows : — 

Dr.  Chablbs  Callaway, — 

The  Council  of  the  Geological  Society  has  awarded  to  yon  the 
balance  of  the  proceeds  of  the  WoUaston  Donation  Fund,  in  re- 
cognition of  the  value  of  your  researches  among  the  older  British 
rocks.  By  your  identification  of  Upper  Cambrian  rocks  in  Shrop- 
shire you  have  placed  beyond  question  the  antiquity  of  the  Ehyo- 
litic  group  of  the  Wrekin,  our  knowledge  of  which  and  of  yet  older 
rocb  in  that  district  you  have  greatly  augmented.  Your  contribu- 
tions also  to  the  geology  of  Anglesey  and  towards  unravelling  the 
stratigraphy  of  the  Scotch  Highlands  have  been  of  great  value,  and 
we  look  forward  to  the  results  of  further  researches,  in  aid  of  which 
I  have  great  pleasure  in  placing  in  your  hands  the  amount  of  the 
award.  That  you  receive  it  from  a  fellow-labourer  wOl,  I  hope, 
make  it  not  the  less  welcome. 

Dr.  Callaway,  in  reply,  said : — 

Mr.  Pbbsidbnt,— 

I  hig^y  value  the  honour  which  the  Council  has  seen  fit  to  confer 
upon  me,  and  I  shaU  not  readily  forget  the  kind  words  with  which 
yoQ  have  accompanied  the  award.  We  are  told  that  the  reward  of 
Tirtoe  is  not  bread ;  but  bread  is  a  sustainer  of  virtue :  and  in  like 
manner,  though  geology  is  its  own  reward,  the  geologist  is  conscious 
of  discouragement  if  the  appreciation  of  his  fellow-workers  is  with- 
held. I  therefore  regard  this  award  as  an  effective  stimulus  to 
future  exertion.  It  is  a  great  pleasure  to  me  to  receive  it  at  the 
hands  of  one  who  has  so  often  been  a  kindly  helper  in  working  out 
difficolt  problems  in  lithology. 


AwABD  OF  the  Mxtbohibok  Mbdal. 

The  Pbbsibbnt  then  handed  the  Murchison  Medal  to  Dr.  Hbnby 
WoonwABD,  F.R.S.,  for  transmission  to  Dr.  FEBDiNAin)  Hombb, 
F1L6.S.,  of  Breslau,  and  addressed  him  as  follows : — 

Dr.  WOOBWABD, — 

The  Council  has  awarded  to  Dr.  Ferdinand  Eomer  the  Murchison 
Xedal  and  a  sum  of  Ten  Guineas  from  the  Donation  Fund.  His 
life-long  and  unwearied  labours  in  the  service  of  our  science  have 
kmg  since  made  his  name  familiar  to  his  fellow-workers.  When  I 
iUte  that  the  Boyal  Society  Catalogue,  published  now  more  than 
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eleven  years  since,  records  the  titles  of  122  separate  memoiiB  written 
by  him,  when  I  mention  his  other  important  works,  such  as  that  on 
the  Chalk  Formation  of  Texas,  on  the  Silurian  Fauna  of  Tennessee, 
on  tho  Geology  of  Upper  Hilesia^  and  the  "^  Lethsea  Geognoetica,*  I  have 
said  enough  to  prove  that  this  memorial  of  an  illnstrjous  geologist 
couM  not  well  have  been  hestowe<l  on  a  more  illuBtrioua  recipient, 
la  transmitting  it  to  Dr.  Homer,  be  so  kind  as  to  expreis  our  regret 
that  distance  and  the  season  of  the  year  have  deprived  us  of  the 
pleasure  of  his  presence  on  t^iis  occasion* 

Dr.  WooDwABD  expressed  his  pleasure  at  being  deputed  to  receive 
this  Medal  for  Dr.  FEEfliHAjn)  Koicer,  from  whom  he  had  received 
the  followiag  letter:— 

"  Mr.  Pbe^3>bnt, — 

**  I  am  deeply  sensible  of  the  honour  which  you  and  the  Council 
of  the  Geological  Society  have  conferred  upon  me  in  presentijig  me 
with  the  Mnrchison  Medal. 

"  I  very  much  regret  my  inability  to  be  present  in  order  to  receive 
this  valuable  mark  of  appreciation  from  your  hands,  and  to  express 
personally  to  yon  my  sincere  thanks  for  this  high  mark  of  recog- 
nition which  the  Society  has  bestowed  on  me. 

"  It  is  particularly  gratifying  to  me  that  it  is  tAe  Murchiion  Medal 
which  you  have  boon  pleaaod  to  confer  upon  me,  because  the  greater 
part  of  my  scientific  work  has  been  directed  to  the  study  of  those 
anciont  rocks,  the  natural  order  of  which  was  first  recognised  by  the 
comprehensive  genius  of  its  founder.  Sir  Roderick  Mnrohison. 

**  Fkrb.  Romer/' 


AWAKD  OF  THB  MuBCfflBON  GEOLOGICAL  FtJlTD, 

In  presenting  the  balance  of  the  proceeds  of  the  Murchison 
Geologiwd  Fund  to  Mr.  Horace  B.  Woodward,  F.G.S.,  the  President 
addressed  him  as  follows : — 

Mr.  Horace  B.  Woodward,-^ — 

The  balance  of  the  proceeds  of  the  Murchison  Donation  Fund  has 
been  awardc^d  to  you  in  recognition  of  the  good  service  which  you 
have  alrt'ady  rendered  to  geology,  espeoiaUy  by  your  work  among 
the  later  deposits  of  the  eastern  counties,  and  to  aid  you  in  further 
researches.  But  the  excellent  papers  which  you  have  written,  in 
addition  to  the  work  done  by  you  els  a  member  of  tbe  Geological 
Survey,  do  not  congtitut©  your  only  claim  to  our  recognition.  You 
have  made  use  of  the  opportunity  of  your  official  poaition  to  promote 
a  love  of  science  among  those  who  live  in  our  eastern  counties,  and 
we  are  indebted  to  you  for  that  admirable  volume  the  '  Geology  of 
England  and  Wales,'  which,  though  in  one  sense  a  compilation,  is 
such  a  one  as  only  a  skilled  geologist  could  produce. 
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Mr.  WooBWABD,  in  reply,  said : — 
Mr.  Presidbnt, — 

I  am  highly  honoured  by  this  award  of  the  Conncil  which  you 
have  now  placed  in  my  hands.  A  little  more  than  twenty-one  years 
ago  I  commenced  geological  life  in  the  service  of  this  Society,  as 
Assistant  in  the  Library  and  Museum  at  Somerset  House ;  and  I 
feel  much  indebted  to  that  period  for  acquaintance  with  many 
geologists,  who,  for  the  sake  of  my  father,  extended  the  hand  of 
friendship  to  me ;  and  I  am  likewise  indebted  to  the  duties  I  had 
then  to  perform  for  a  knowledge  (and  I  may  say  a  love)  of  books, 
which  perhaps  influenced  the  production  of  that  volume  about  which 
you  have  spoken  so  kindly. 

While  labour  is  in  most  cases  its  own  reward,  it  is  a  great  satis- 
faction and  a  great  encouragement  to  be  told  that  one's  work  is 
useful  by  those  who  are  best  qualified  to  judge. 


AWABD  OF  THE  LtELL  MeDAL. 

The  PsEsiDisirr  next  presented  the  Lyell  Medal  to  Professor  H.  G. 
Seelet,  F.B.S.,  F.6.S.,  and  addressed  him  as  follows : — 

Professor  Seblet, — 

The  Council  has  awarded  to  you  the  Lyell  Medal  and  a  grant  of 
£40  in  recognition  of  your  investigations  into  the  anatomy  and 
daasification  of  the  Fossil  Eeptilia,  especially  the  Dinosauria.  Not 
that  you  have  limited  yourself  to  this  field  of  research ;  your 
papers  on  Emys  and  Fsejphophorus,  on  Megalomis  and  British  Fossil 
Cretaceous  Birds,  on  Zeuglodon,  and  on  remains  of  Mammalia  from 
Stonesfidd,  prove  your  extensive  knowledge  of  vertebrate  palieon- 
tology,  as  your  proficiency  in  invertebrate  is  evidenced  by  your 
earlier  work,  both  stratigraphical  and  directly  palsDontological. 
Fnrtbennore,  your  excellent  edition  of  the  first  volume  of  Phillips's 
*  Manual  of  Geology'  indicates  an  exceptional  familiarity  with  the 
literature  of  our  science.  Since  our  acquaintance  first  began,  some 
twenty  years  since,  at  Cambridge,  we  have  both  had  our  disappoint- 
ments  and  our  successes  ;  you,  undiscouraged  by  the  one,  unelated 
by  the  other,  have  pushed  on  to  your  present  high  position  in 
science,  making  no  enemies,  winning  many  friends.  I  trust  that 
your  future  career  may  be  even  more  prosperous  than  your  past, 
tod  that  this  Medal  may  be  an  augury  of  many  good  gifts  of  fortune. 
You  will,  I  know,  believe  me  when  I  say  that  I  feel  an  exceptional 
pleasure  in  being  commissioned  to  place  in  your  hands  this  Medal, 
commemorative  of  the  great  geologist  whose  philosophic  spirit  you 
•0  well  appreciate,  and  whose  memory,  I  know,  you  so  greatly 
nrere. 
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Professor  Seelet,  in  reply,  said  :— 

Mr.  Presfdeht, — 

No  wordfi  of  mine  could  adequately  reflect  my  sonae  of  the  kind 
words  and  kind  feelings  to  which  you  have  given  OKpression.  I 
must,  however,  say  that  the  honour  of  thiu  award  is  one  for  which 
I  am  sinoerely  grateful.  It  h  neodlesa  now  to  say  anything  in 
admiration  of  LyeU,  but  I  may  give  utterance  to  a  sense  of  personal 
ohhj^ation  by  saying  that  he  has  always  seemed  to  mo  the  groat^sst 
teacher  of  our  eciencc.  In  receiviog  the  Medal,  however,  which  is 
aaso<iiat«d  with  his  name,  I  cannot  but  be  conscious  how  far  short 
what  I  have  done  has  fallen  of  my  efforts  and  aspirations,  and  that 
more  work  than  I  can  hope  to  do  should  have  been  before  you  in 
justification.  With  regard  to  the  now  edition  of  Pkilhps's  Geology, 
,  I  would  say  that  that  work,  founded  on  the  necessities  of  my  own 
teaching,  was  undertaken  to  do  honour  to  tho  memory  of  my  old 
friend,  Professor  John  Phillips ;  but  it  would  have  boon  more  imper- 
fectly done  without  tho  important  help  which  I  found  in  your  own 
writings,  I  shall  find  in  this  award  a  slimalus  to  future  work, 
which  I  hope  may  give  results  more  worthy  of  recognition  than  the 
work  to  which  you  have  referred. 


Award  op  tee  Ltbll  Geological  Fu«t)* 

The  Pbesfdekt  then  handed  the  Balance  of  the  proceeds  of  the 
Lyell  Geological  Fund  to  Mr.  J*  J.  H,  Teall,  F.G.8.,  for  transmission 
to  Mr.  A.  J.  JuiLKs-BKOWNE,  F.G.S,,  and  addressed  him  as  toDows : — 

Mr,  Teall, — 
Tho  balance  of  the  Lyell  Donation  Fund  has  been  awarded  to 
Mr,  A.  J.  Jukes-Browne  in  recognition  of  tho  excellent  work  that  he 
has  done  on  ihe  Cretaceous  formation  and  on  Glacial  geology,  and 
to  aid  him  in  further  researches.  His  papers  on  the  Cambridge 
Greenaand  cleared  up  many  difficulties  connected  with  that  in- 
teresting formation  ;  and  in  his  Hedgwick  prize  essay  on  the  Post- 
tertiar)'  deposits  of  Cambridgeshire  he  commenced  those  investi- 
gations which  have  since  brought  us  more  than  one  valuable 
contribution  on  glacial  and  later  deposits.  You  can  tell  him  that 
hia  old  college  tutor  feels  a  little  pardonable  pride  and  much  real 
pleasure  in  being  the  instrument  of  placing  this  award  in  your 
hands  for  transmission  to  him« 

Mr.  Teall,  in  reply,  expressed  Ids  regret  that  Mr.  JnxBB-BaowirB 
was  prevented  by  domestic  anxieties  from  being  present,  and  read 
an  extract  from  a  letter  received  from  him.  In  this  Mr.  Jukss- 
Browne  said : — 
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^*  That  my  labours  in  the  field  of  geology  should  have  been  thought 
worthy  of  snch  recognition  is  most  gratifying  and  encouraging,  and 
I  am  especially  pleased  that  the  awurd  should  come  from  the  Lyell 
Donation  Fund ;  for  among  all  the  departed  masters  of  our  science 
there  is  no  one  for  whom  I  feel  greater  respect  than  for  Sir  Charles 
LyeU,  or  whose  mental  attitude  I  more  desire  to  imitate.  To  be 
entered  therefore  on  the  roll  of  those  who  are  deemed  worthy  of 
leoeiying  the  award  instituted  by  Sir  Charles  Lyell  will  always  be  a 
source  of  extreme  pleasure. 

"  I  need  hardly  assure  the  Council  and  Fellows  of  the  Society 
that  such  strengUi  and  powers  as  I  possess  will  be  spent  in  the 
serrice  of  geological  science,  because  that  must  be  so  as  long  as  I  am 
connected  with  the  Geological  Survey ;  but  this  mark  of  their  appro- 
bation win  stimulate  me  in  the  performance  of  such  extra-official 
work  as  I  am  able  to  accomplish,  and  I  only  wish  that  my  health 
would  allow  me  to  do  more." 


AWABD  OP  THS  BlOSBY  GOLD  MeDAL. 

In  presenting  the  Bigsby  Gold  Medal  to  Professor  Bsnabd,  of 
Brussels,  the  Pbesidjent  addressed  him  as  follows : — 

Professor  Bakabd, — 

When  to  a  familiarity  with  geology  in  the  field  and  a  love  of 
nature  are  united  the  skill  of  a  finished  chemist  and  the  experience 
of  a  practised  worker  with  the  microscope,  the  results  cannot  fail  to 
be  of  the  utmost  importmice  to  our  science.     These  qualifications, 
rarely  united  in  any  one  man,  are  in  yourself  combined  with  an 
untinng  industry  and  a  love  of  science  for  its  own  sake.    Thus  we 
are  mdebted  to  you  for  many  important  contributions  to  our  know- 
1^  in  geology.    Your  early  memoir  <'  Sur  les  Eoches  Plutoniennes 
de  la  Belgique  et  de  FArdenne  Frangaise,"  written  in  conjunction 
▼ith  H.  de  la  Vall^  Poussin,  will  long  be  classic ;  your  papers  on 
^ons  subjects  connected  with  the  Carboniferous  Limestone,  on  the 
<^1iciile,  the  phyllites,  and  other  altered  rocks  of  Belgium,  and  on 
the  deep-sea  deposits  are  too  well  known  to  need  more  than  men- 
tion, and  in  recognition  of  these  the  Council  has  awarded  you  the 
Kgsby  Medal. 

In  placing  it  in  your  hands  may  I  be  allowed  to  express  for 
n^yself  and  others  the  hope  that  it  will  be  always  a  pleasant  «otit;entr 
of  your  many  friends  on  this  side  of  the  Channel,  some  of  whom, 
n^yself  included,  will  not  soon  foi^t  the  pleasant  and,  to  us,  most 
profitable  days  spent  under  your  guidance  in  geological  studies  by 
tbe  limestone  clifEs  of  the  winding  Mouse  and  the  wooded  crags  of 
^Ardennes. 
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Professor  Rekab3>,  in  reply,  said  ;— 
Mr.  President  and  Gentlemen, — 

In  rising  to  express  my  tlianks  to  you,  I  labour  nndor  a  great 
disiidvantsge ;  it  would  have  greatly  conduced  to  my  comfort  to 
speak  in  my  own  language,  but  tEe  magnitude  of  the  honour  you 
have  conferred  upon  mo  makei?  me  fe«l  that  I  muat  at  all  events 
attempt  to  addiesa  you  in  your  tongue* 

To  hold  the  Medal  which  you  have  awarded  to  me  is  no  cbmmon 
distinction.  I  cannot  but  feel  that  you  are  rating  my  merits  more 
highly  than  they  deaerve.  Though  not  an  EngHshman,  I  never  feel 
myself  a  stranger  in  your  country.  I  have  visited  it  so  often,  and 
had  80  much  fnendiy  intercourse  with  your  scienti^c  men,  that  I 
am  not  altogether  without  misgiving  that  your  Council  may,  uncon- 
sciously to  themselves,  have  supplemented  my  deficiencies  aa  a 
gcolagisfc  by  tJieir  ^lersoiial  friendliness  towards  myself.  The  par- 
ticular line  of  study  to  which  I  have  devoted  myg«lf  is  essentially 
English.  Your  countryman,  Sorby,  was  the  pioneer  of  microscopic 
lithology,  and  I  have  only  followed  the  track  which  he  was  the  first 
to  open  up. 

In  conclusion,  allow  me  to  say  that  though  sensible  of  my  own 
deficiencies,  I  am  confident  that  your  good  opinion  wiD  stimulate 
me  to  freah  exertions.  I  shall  pursue  my  scientific  work  with 
renewed  energj%  and  it  will  be  my  constant  endeavour  to  show  yon 
that  your  confidence  was  not  altogether  mis|>laced,  and  m^ike  myself 
in  the  future  worthy  of  the  great  honour  you  have  conferred  upoE 
me. 
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THE  ANNIVERSARY  ADDRESS  OF  THE  PRESIDENT. 

Pbop.  T.  G.  Bonott,  D.So.,  LL.D.,  F.R.8, 

GfiKTLKiasiry 

In  referring  last  year  to  the  muster-roll  of  death,  your  Presi- 
dent remarked  that  it  contained  the  name  of  only  one  Fellow  who 
had  been  a  contrihutor  to  oar  puhlications.  Unhappily  I  am  nnahle 
to  repeat  the  remai^.  Earnest  workers  and  valued  friends  during 
my  year  of  office  liare  been  falling  ^'  thick  as  autumn  leaves  in 
Valombrosa."  It  is  now  my  melancholy  duty  to  pay  to  these  the 
last  tribute  of  respect,  and  dwell  for  a  brief  space  on  their  memory. 

In  BoBBRT  Alfred  Glotkb  GoBwnr-ArsiEV  we  have  lost  not  only  a 
geologist  of  extensive  knowledge  and  of  an  exceptionally  philosophic 
miod,  bnt  also  one  of  the  links  which  united  us  with  what  we  may 
almost  call  the  *'  heroic  age  "  of  British  Geology.  He  was  born  at 
Si&lford  House,  near  Guildford,  on  March  17, 1808,  being  the  ddest 
son  of  the  late  Sir  H.  E.  Austen.  Educated  first  at  Midhurst  School, 
be  afterwards  spent  some  time  at  a  military  college  in  France. 
Thence  he  proceeded  to  Oxford,  where  he  graduated  and  was  elected 
a  Fellow  of  Oriel  College.  Coming  thus  under  i^e  influence  of  Buck- 
laad,  he  was  secured  for  geology,  and  was  elected  a  Fellow  of  this 
Society  in  the  year  1830.  Three  years  afterwards  he  married  the 
only  dau^ter  and  heiress  of  the  late  General  Sir  H.  T.  Gt)dwin, 
K.C3.,  uid  on  the  death  of  that  officer  in  1854,  prefixed  the  name 
of  Qodwin  to  that  of  Austen.  Devonshire  was  the  scene  of  his 
earlier  geological  labours ;  for  not  long  after  his  election  to  this  So- 
ciety he  fixed  his  residence  at  Ogwell  House,  near  Newton  Abbot. 
His  first  oontaibution  to  our  publications  was  made  in  1834,  and  for 
tile  next  six  years  Devonshire  formed  the  chief  subject  of  his  writings. 
The  fint  paper  relating  to  the  south-east  of  England  appears  in  Uie 
*  Proceedings '  for  1853,  and  after  his  removal  from  Devonshire  to 
QulworUi  Manor,  near  Guildford,  the  Cretaceous  and  Tertiary 
deposits,  togetiier  with  physical  questions  relating  to  the  geology  of 
the  Channel  and  its  vicinity  received  a  large  share  of  his  attention, 
alftoogh  Devonshire  was  not  forgotten. 

Mr.  Godwin-Austen  was  elected  a  Fellow  of  the  Eoyal  Society  in 
1849.  He  received  various  distinctions  from  Foreign  Societies ;  and  the 
WoDaston  Medal  was  awarded  to  him  in  1862.  Mr.  Godwin-Austen 
iTM  also  an  energetic  Member  of  the  British  Association,  and  twice, 
at  Norwich  and  at  Brighton,  presided  over  the  Geological  Section. 
For  tiie  greater  part  of  his  life  his  connexion  with  the  G^logtcal 
Society  was  of  the  closest  kind  ;  a  large  number  of  his  papers  were 
MDtribated  to  our  publications ;  he  served  as  one  of  the  Secretaries ; 
8Qhieq«eBtiy  he  was  in  office  as  Foreign  Secretary  and  as  a  Yice- 
iMdeat ;  aad  it  is  well  known  that,  had  he  been  willing,  the 
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Societj^  \roTild  have  gladly  elected  him  President.  He  finally  quitted 
the  Council  in  1876,  about  which  time  his  health  becsime  much 
impaired,  and  he  was  afterwarde  unable  to  take  any  active  part  in 
OUT  meetings  or  in  our  work,  Aft^r  a  lingering  LUness,  he  <^xpired 
on  the  25th  November  last,  to  the  regret  of  all  who  enjoyed  the 
privilege  of  his  friendship.  The  name,  however,  of  Godwin-Austen 
will,  forbmatc^ly,  not  disappear  from  ourliBts,  for  the  personal  infln- 
ence  and  the  ecicntific  ability  of  the  father  have  been  transmitted 
to  his  son,  our  friend  Colonel  Godwin-Austen. 

Of  the  contributions  to  science  of  the  late  Mr.  Godwin-Austen  it 
is  impossible,  within  the  brief  space  aDotted  t<i  these  notices,  to  give 
any  adequate  idea*  A  Mat  of  39  papers  is  appended  to  a  biography 
by  Mr.  H,  B.  Woodward  (t^o  which  I  am  much  indebted),  pMblished 
in  the  *  Geological  Magazine '  for  January  last.  In  addition  to  these, 
ho  edited  the  Memoir  on  the  Fluvio-marine  Tertiaries  of  the  Isle  of 
Wight,  left  in  manuscript  by  its  lamented  author,  the  late  Professor 
E.  Forbes,  and  completed  the  *  Natural  History  of  the  European 
Seas,'  commenced  by  the  same  author*  The  whole  bookj  after  j>.  126» 
is  the  work  of  Mr.  Godwin -Austen.  He  also  made  important  con- 
tributions to  the  new  edition  of  the  *  Greenough  Geological  Map,' 
XJubUshed  in  1865. 

His  papers  on  the  classification  and  correlation  of  the  rocks  of 
Devonshire  will  ever  be  classic  in  the  hiatory  of  that  most  difficult 
region.  Mr,  Godwin-- Austen,  as  is  well  known,  objected  to  the 
distinction  of  the  fossiliferons  rocks  beneath  the  C^m-measuree  by 
the  title  of  Devonian,  and  to  the  equivalence  assumed  between  these 
and  the  Old  Red  Sandstone  further  north,  considering  the  latter  to 
be  more  nearly  connected  with  the  base  of  the  Carboniferous  series, 
and  the  former  as  the  representative  in  time  of  the  Upper  Silurian, 
the  differences  of  the  fauna  being  regarded  as  due  to  the  two  being 
deposited  in  different  and  separated  marine  areas.  Although  the 
general  tendency  of  subsequent  research  has  been  unfavourable  to 
the  view  upheld  by  Mr.  Godwin- Austen,  stiD  it  is  one  which  can- 
not wholly  be  neglected,  and  modifications  in  the  direction  of  it  seem 
likely  to  be  made  in  the  generally  received  theory.  But  on  whatever 
question  Mr.  Godwin-Austen  wrote,  whether  on  nodules  in  the 
Faringdon  Sands  or  on  boulders  in  the  Chalky  whether  on  superficial 
OT  subterranean  geologj-,  whether  on  the  physical  features  of  the 
present  or  of  past  geological  epochs,  he  not  only  adorned  it  by  a 
clear  expository  style  and  a  lucid  ordering  of  fact^,  but  by  his  philo- 
sophic treatment,  as  it  were,  raised  the  subject  to  a  higher  plane  of 
th  ought.  Preem  inen  tly  *  *  the  phy  si  cal  geograph  er  o  f  bygone  periods/* 
as  he  was  most  happily  termed  by  Murchison,  we  may  apply  to  him 
the  well-worn  but,  in  his  case,  most  true  phrase^  nihil  Uivjh  quad  non 
or^iaint.  One  paper  only  from  his  pen  I  will,  in  conchision,  espe^ 
ciaU}'  mention*  because,  to  my  mind*  it  is  most  typical  of  all  hia 
work,  namely,  that  '*  t>n  the  Possible  Extension  of  the  Coal-measures 
beneath  the  South-eastern  parts  of  England."  To  myself,  when  first 
I  read  it  years  ago,  it  was  like  a  revelation  ;  it  showed  what  strati- 
graphy might  become  when  it  was  viewed  in  a  comprehensiTe  spirit. 
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and  it3  facts  were  handled  by  a  master  in  science :  it  proved  the 
possibility  of  deciphering  the  physical  history  of  the  earth,  even  as 
its  Ufe-history  was  being  reconstructed  by  the  inductive  labours 
of  the  palaeontologist ;  so  that  we  might  hope  to  behold  with  our 
mental  vision  not  only  the  strange  forms  which  in  long-past  days  had 
tenanted  its  waters  and  had  moved  upon  its  lands,  but  also  the 
shores  and  the  currents  of  its  seas,  the  ridges  and  perhaps  the  moun- 
tains of  its  continents. 

Thomas  Wright  was  born  at  Paisley,  in  Renfrewshire,  on  Novem- 
ber 9,  1809,  and  educated  at  the  Grammar  School  in  that  town. 
After  completing  his  articles  with  a  surgeon,  he  enteredas  a  student  in 
the  Royal  College  of  Surgeons  at  Dublin,  and  was  soon  distinguished 
for  his  proficiency  in  anatomical  and  physiological  studies ;  these, 
however,  were  interrupted  by  the  injurious  effect  of  a  dissecting  wound. 
This  obliged  him  to  decline  an  appointment  which  offered  a  prospect 
of  a  scientific  career.  After  his  restoration  to  health,  he  passed  the 
CoU^e  of  Surgeons  in  the  year  1832  and  shortly  afterwards  entered 
upon  the  duties  of  his  profession  at  Cheltenham,  graduating  as  Doctor 
of  Medicine  at  St.  Andrews  in  1864.  His  life  was  spent  in  active 
work,  professional  and  scientific,  in  this  pleasant  Gloucestershire 
watering-place,  where  he  held  various  appointments,  among  them 
that  of  Surgeon  to  the  General  Hospital.  But  the  duties  of  his  pro- 
fession were  not  incompatible  with  an  energetic  pursuit  of  science. 
At  first  he  devoted  much  time  to  microscopic  work,  but  as  this 
threatened  to  injure  his  eyesight,  he  turned  his  attention  to  palaeon- 
tology. For  this  study  the  neighbourhood  of  his  home  then  offered 
exceptional  fjEUsilities,  the  numerous  shallow  excavations,  many  of 
comparatively  ancient  date,  affording  opportunities  to  the  collector 
whidi  can  never  again  occur.  Dr.  Wright  thus  amassed  a  magnifi- 
cent collection  of  Jurassic  Echinodermata  and  Cephalopoda,  which,  I 
regret  to  learn,  has  not  found  a  resting-place  in  his  own  country. 
He  published  several  papers  on  the  former  Order  in  the  *  Proceedings 
of  the  Cotteewold  Field-Club'  and  the  'Annals  and  Magazine  of 
Natural  History,'  which  attracted  the  attention  of  Professor  Edward 
Forbes.  Before  long  it  was  arranged  that,  while  the  latter  under- 
Uxk  to  describe  for  the  Palaeontographical  Society  the  British  Creta- 
eeous  and  Tertiary  Echinodermata,  Dr.  Wright  should  do  the  same 
with  Uie  Jurassic.  But  the  premature  death  of  Forbes  before  he 
had  commenced  upon  the  Cretaceous  Echinodermata,  caused  the 
Council  of  the  Palseontographical  Society  to  request  Dr.  Wright  to 
xmdertake  an  additional  labour  and  carry  into  effect  the  purpose  thus 
left  incomplete.  The  description  of  the  Jurassic  and  Cretaceous 
Echinodermata  occupied  him  for  the  greater  part  of  his  life,  portions 
of  the  work  appearing  from  the  year  1855  to  1882;  but  in  1878  he 
commenced  a  description  of  the  Lias  AmmonitidaD,  which  was  barely 
con^>Ieted  at  the  time  of  his  death. 

Dr.  Wright  was  the  author  of  about  thirty-two  separate  papers  on 
geological  subjects,  of  which  seven  were  contributed  to  our  Journal ; 
hut  the  volumes  above  mentioned  are  the  great  work  of  his  life  and 

Digitized  by  LjOOQ IC 


40  FEOCRE&II7G6  OF  THS  QEOLOeiCAL  SOtTTBTT. 

an  endunTig  monument  of  his  exton&ive  knowledge  and  energetic 
indiistn\  Ho  was  zealous  in  promoting,  by  lectnres  and  eveiy 
l^rsonal  oflTort,  tlie  adTjin cement  of  science  in  hi«  own  neigh^xmr- 
liood.  He  was  elected  a  Fellow  of  tlie  Koyal  Society  of  Edinburgh 
in  1855,  of  this  Society  in  1859,  and  of  the  Royal  Society  of  London 
in  1879,  aJid  ^^  received  acknowledgments  from  scTcral  foreign 
Bcientific  aocieties.  The  Wollaaton  Medal  was  awarded  to  him  in 
1878. 

His  health  began  to  fail  nearly  a  year  ago,  and,  after  a  lingering 
illness,  he  expired  on  NoYember  17th  last.  But  cTcn  anffering 
could  not  quench  his  enthusiasm  for  science.  One  evening,  some 
monthe  since,  when  death  seemed  to  be  very  near,  he  roused  himself 
and  set  to  work  on  the  revision  <  t  a  proof-sheet,  determined  that, 
BO  far  as  lay  in  his  power,  he  woijild  not  leave  hie  task  unfinished ; 
and  the  last  letter  which  ho  ever  wrote  was  on  the  occasion  of  pre- 
senting to  the  Society  a  lock  of  Br.  William  Smith's  hair. 

He  was  not  rarely  present  at  various  scientific  gatherings^  where 
hifl  stalwart  form,  cast  in  northern  mould,  distinguished  him  from 
the  crowd »  while  his  hearty  tones  and  bis  genial  manners  made  him 
ever  a  welcomo  guest.  Those  who  have  had  the  privilege  of  his 
friendship  valued  bim  not  only  for  bis  great  special  knowledge, 
hut  also  for  his  wide  general  culture  and  bis  sincere  earnestness  of 
character. 

Seablks  YAU^NTiirE  Wood  was  bora  on  February  4,  1830.  Son 
of  a  geologJBt,  Searles  Y.  Wood,  Senior,  our  former  Fellow*  so  well 
known^  to  mention  but  one  thing,  for  his  great  work  on  the  I'lio- 
cene  MoUusca,  his  attention  was  early  directed  to  this  science,  and 
a  community  of  interest,  doubtless,  formed  one  of  the  ties  which 
bound  fatlier  and  son  with  a  more  than  common  alFectiou.  On  the 
death  of  the  former,  hia  son  undertook  the  duty  of  Treasurer  to  the 
Palieontograpbical  Society,  with  which  the  two  names  will  ever  be 
inseparably  connected,  Mr.  Searles  Valentine  Wood  was  brought 
up  to  Ibe  law,  and  practised  for  some  years  as  a  sohcitor  at  Wood- 
bridge,  in  Siiffolk,  but.  ultimately  gave  up  bis  profe^^sion  in  order  that 
he  might  devote  himself  wholly  to  scientific  work.  Tertiar>'  and 
Post- tertian'  geolog}'  was  the  chief  subject  of  bis  study  ;  and  in  1^<64 
be  imderttHjk,  in  company  with  Mr.  Harmer,  a  careful  examination 
of  the  Pliocene  and  later  deposits  of  the  east  of  England.  These  were 
all  laid  down  with  conscientious  minuteness  on  the  Ordnance  Survey 
Map,  Mr.  Searles  Wood  taking  as  bis  share  Essex  and  nearly  the 
whole  of  Suffolk.  The  result  of  this  work,  so  far  as  relates  to  tho 
Newer  Pliocene  deposits  (as  they  were  termed  by  ^Ir.  Wood),  has 
been  communicated  to  this  Society  in  two  elaborate  momoirB,  pub- 
lished in  the  volumes  for  1880  and  1882,  But  numerous  minor 
papers,  in  addition  to  IbesCj  were  the  result  of  Mr.  Wood's  an  tiring 
industry.  Of  course,  in  questions  so  difficult  aa  are  almost  all  those 
relating  to  the  so-called  Glacial  Period,  it  is  not  to  be  expected  that 
every  conclusion  of  Mr,  Wood's  wiQ  find  acceptance  with  hia  fellow 
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workers ;  but  all  must  admire  and  gratefully  recognize  his  patience 
and  industry  in  the  collection  of  facts. 

For  some  years  before  his  death  his  health  was  grievously  im- 
paired, but  neither  infirmity  nor  debility,  nor  even  pain,  could  turn 
him  fix>m  his  beloved  studies.  His  last  contribution  to  our  Journal, 
read  at  the  opening  meeting  of  the  present  session,  was  on  the 
remarkable  fossiliferous  Tertiary  deposit,  not  long  since  discovered, 
at  St.  Erth,  near  Penzance.  A  portion  of  that  paper  is  printed  in 
the  current  number  of  our  Journal;  but  Mr.  Searles  Wood,  in 
deference  to  the  advice  of  friends,  withdrew  the  list  of  species  which 
he  had  given,  in  order  that  he  might  again  present  it  with  full 
descriptions  of  the  more  novel  or  more  important  forms.  It  will  be 
remembered  that,  in  the  interesting  discussion  which  followed,  Dr. 
Gwyn  Jeffreys  spoke  at  some  length  against  the  view  favoured  by 
Mr.  Wood  as  to  the  general  equivalence  of  the  deposit  with  some 
part  of  the  Red  Crag.  We  little  thought  then  that  in  so  brief  a 
space  both  these  accurate  observers  would  have  ceased  from  their 
labours.  In  concluding  this  too  brief  notice  of  a  most  earnest 
worker  and  most  amiable  man,  I  shall  venture  to  quote  a  few  sen- 
tences from  a  letter  to  Professor  Judd,  written  by  Mr.  Searles  Wood 
only  a  few  days  *  before  his  death,  because  it  seems  to  me  to  give 
unconsciously  a  far  better  portrait  of  the  man  than  I  could  hope  to 
draw. 

Speaking  of  a  recent  severe  attack  from  which  he  had  in  part 
recovered,  but  which  was  complicated  by  an  ailment  in  one  foot, 
he  adds  : — ^*  This  compels  me  to  maintain  a  recumbent  posture  all 
day  as  wrell  as  night,  but  it  has  not  prevented  my  renewing  my  dose 
examination  of  the  St.-Erth  clay  for  several  hours  a  day.  This  clay, 
however,  is  so  sterile  that  I  often  work  for  days  without  finding  a 
perfect  shell  or  a  fragment  worth  anything  for  determination  ;  and 
I  fancy  that  no  one  who  had  not  perforce  the  leisure  that  I  have, 
and  a  rather  exceptional  perseverance,  would  work  at  it  as  I  am 
doing,  and  as  I  hope  for  many  months  yet  to  do."  It  was  not  so 
written  :  eight  days  later  he  passed  away. 

JoHH  GwTx  Jbffbbts  was  bom  at  Swansea  on  January  18, 
1809,  and  early  displayed  a  talent  for  natural  history.  At  the  age 
of  nineteen  he  contributed  to  the  Linne«ai  Society  a  paper  on  the 
Pneumonobranchous  Mollusca ;  and  the  study  of  this  class  formed  at 
first  the  relaxation  and  afterwards  the  work  of  his  life.  He  was 
elected  a  member  of  the  linnean  Society  in  1829,  and  of  the  Boyal 
in  1840,  not  joining  our  Society  until  the  year  1861.  He  was  aiso 
an  active  member  of  the  British  Association,  in  which  he  held 
various  offices,  and  in  1877  that  of  President  of  the  Biological 
Section.  At  the  last  meeting,  at  Montreal,  he  contributed  a  valuable 
communication  on  the  MoUusca  of  the  two  sides  of  the  North 
Atlantic,  which  is  being  printed  in  extenso  in  the  volume  for  1884. 
From  the  University  of  St.  Andrews  he  received  the  honorary  degree 
•  Dated  December  6, 1884. 
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of  I(L,D,  He  was  educated  us  a  Bolicitor,  and  far  many  years 
practised  with  much  success  at  Swansea ;  but  in  1S56  he  was 
called  to  the  bar^  and  soon  afterwards  retired  from  business.  He 
then  settled  at  Ware  Priorj-,  in  Hertfordshire^  at  which  pictu- 
resque old  mansion  ho  resided  till  about  four  years  since  i  thence, 
Bhortly  before  the  death  of  hie  wife,  he  removed  to  London,  and 
took  a  house  at  Kensiugtonj  where  he  died  la  conseqiionco  of  an 
apoplectic  seizare  oa  January'  24,  aft^er  oaly  a  few  hours'  illness*  On 
the  previous  evening  he  had  been  present  at  a  lecture  given  by  his 
son-in-law,  ProfeMor  Moseley,  at  the  Boyal  Institution  ;  and  he  was 
among  us  at  the  Council-table,  at  the  GeologicoJ  Club,  and  at  the 
Evening  Meeting  on  the  last  occasion  prior  to  his  death*  Indeed 
his  mental  powers  showed  no  signs  of  failure,  and  a  slight  increa- 
sing difficulty  of  hearing  was  almost  the  only  indication  that  he 
had  numbered  full  76  years. 

The  study  of  the  reeeat  Mollusca  was  the  chief  scientific  work  of 
Dr.  Gwj  n  JeJfreys's  life.  He  was  one  of  the  first  to  pcrecive  the 
imj>ortance  of  dredging  in  the  British  seas ;  and  after  many  years" 
experience  in  private  enterprise,  took  charge,  in  180iJ  and  1870,  of 
the  scientific  work  on  board  the  *  Porcupine '  during  two  of  her 
cruises.  Henco  Dr,  («wyn  Jeftreys's  best  scientLhe  memorial  will 
be  his  writings  on  the*  Mollusca,  chief  of  which  are  hi**  large  and 
imjiortant  work  on  British  Conehology,  and  the  papers ,  unfortuoately 
left  unfinished  at  his  death,  on  the  "  Mollusca  of  the  *  Lightning ' 
and  *  Porcupine  •  Expeditions,"  published  in  the  *  Proceedings  ■  of  the 
Zoological  Society;  but  his  exact  knowledge  of  recent  forms  gave 
his  opinion  an  exceptional  value  on  the  fossils  of  the  later  Tertiary 
deposits,  and  on  these  subjects  he  has  eommuiiicated  papers,  more 
valuable  than  numerous,  to  our  Journal.  But  his  other  servioea  to 
OUT  Society  must  not  be  forgotten.  For  sixteen  \eurs  he  was  its 
Treastirer,  a  position  for  wlueh  he  was  peculiarly  adapted  by  his 
legal  knowledge  and  habits  of  buBiness,  and  the  duties  of  which  he 
fulfilled  with  great  iissiduity  and  invariable  courlcs}'.  He  resigned 
that  office  four  years  uj^o,  but  at  the  timf*  of  his  sudden  death  was 
still  a  member  of  the  Council,  having  served  on  it  continuously  for 
twenty-one  years.  We  shall  for  long  miss  his  critical  acumen  and 
extensive  knowledge,  especially  in  any  C|ue?<tion  relating  to  the  later 
life-hiatory  of  the  earth  ;  but  we  shall  even  more  deeply  regret  the 
cheery,  kindly  friend,  and  the  trusty  adviser,  who  for  so  many  years 
has  been  a  familiar  figure  at  thes^e  and  many  other  scieBiific 
gatherings. 

Alfred  Tyloe  was  born  on  January  26, 1824.  His  parents  wero 
members  of  the  Soticty  of  Friends,  and  he  was  educated  in  schools 
connected  with  that  body  at  Epping  and  Tottenham.  At  the  age  of 
fifteen,  however,  he  entt^red  the  manufactory  of  brass  and  copper 
work  belonging  to  his  family  in  Warwick  Lane,  This  early  diversion 
from  school  to  practical  work  wos  for  !Hr,  Tylor  the  beginning  rather 
than  the  end  of  his  education.  While  singularly  success ful  as  a 
practical  luaa  of  business,  not  only  in  the  above  factory,  bat  also  in 
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the  colliery  owned  by  bis  family  at  Tylorstown,  in  the  Rbondda 
Valley,  be  found  time  to  study  anatomy  for  a  period  at  St.  Bartbo- 
bmeVs  Hospital,  and  afterwards  to  become  an  accomplished  geolo- 
gist. But  even  this  was  not  all :  he  was  an  earnest  advocate  for 
technical  education,  and  devoted  no  small  portion  of  his  time  to 
various  duties  outside  his  own  business.  He  is  the  author  of  not  a 
few  papers,  published  in  our  Journal  and  elsewhere ;  and  it  may  be 
mentioned  that  he  was  one  of  the  first  to  doubt  the  authenticity  of 
the  celebrated  Moulin-Quignon  jaw.  His  most  important  and  ela- 
borate papers  are  devoted  to  questions  connected  with  the  action  of 
rain,  rivers,  and  ice ;  and  he  may  be  regarded  as  the  author  of  the 
name  **^  the  Pluvial  Period.''  Whatever  opinions  may  be  held  as  to 
the  advantage  of  giving  a  special  designation  to  the  transitional 
interval  between  the  Glacial  epoch  and  tbat  when  the  climate  of  the 
northern  hemisphere  finally  arrived  at  its  present  condition,  all  must 
admit  that  Mr.  Tylor  did  excellent  work  in  drawing  attention  to  the 
heavier  rainfEdl  which  must  have  formerly  prevailed,  as  well  as  in 
noting  many  interesting  facts  with  regard  to  the  various  fluviatile 
dqKMitB.  His  health  failed  during  the  last  two  or  three  years  of  his 
life,  overmach  work  having  brought  on  renal  disease ;  but,  notwith- 
standing his  malady,  he  was  able  to  visit  America  in  the  autumn  of 
1884.  On  his  return,  however,  his  strength  rapidly  declined,  and 
he  died  on  December  31,  '*  not  so  much  from  specific  disease  as  from 
a  collapse  of  the  whole  framework  of  life."  He  was  married  in 
1850,  »nd  has  left  a  widow  and  six  children.  It  will  be  long  before 
some  of  Mr.  Tyler's  work  b  forgotten  in  the  annals  of  geology ;  but 
he  has  left  another — may  I  not  say  a  better  ? — monument  in  the 
r^retful  affection  of  many  friends  of  his  own  standing,  and  in  the 
eiiduring  gratitude  both  of  those  less  prosperoTis  than  himself,  whom 
he  liberally  aided,  and  of  not  a  few  members  of  a  younger  genera- 
tion, to  whom,  before  they  could  help  themselves,  he  held  out  a 
hand  to  giTO  them  that  greatest  boon,  a  fair  chance  in  life. 

Jaxbs  Btjckkan  was  bom  at  Cheltenham  in  the  year  1814. 
Designed  for  the  medical  profession,  he  studied  in  London,  but  not 
liking  it,  he  returned  to  Cheltenham  and  commenced  business  as  a 
chemist.  But  while  in  London  he  had  evidenced  a  predilection  for 
•deuce,  and  had  made  a  considerable  collection  of  plants  then  found  in 
the  vicinity  of  the  metropolis.  In  the  year  1842  he  was  appointed  to 
the  curatorship  of  the  Birmingham  Philosophical  Institute,  where  he 
remained  tiU  his  election  as  Professor  at  the  Agricultural  College 
at  Cirencester.  There  he  worked  assiduously  for  siicteen  years, 
retiring  in  1863  to  a  farm  at  Bradford  Abbas,  in  Dorsetshire,  where 
he  died  on  November  23,  1884.  He  wrote  a  large  number  of  papers 
on  archaeology,  botany  (especially  agricultural),  and  geology,  some  of 
the  last  being  contributed  to  our  Journal ;  these  dealt  with  questions 
concerning  the  palseontology  and  stratigraphy  of  the  Jurassic  series 
of  the  districts  with  which  he  was  most  familiar ;  the  last,  published 
in  the  37th  volume  of  our  Journal,  being  ^'  On  the  terminations  of 
some  Ammonites  from  the  Inferior  Oolite  of  Dorset  and  Somerset." 
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RicHAED  Atktnbon  Pkacock,  formerly  of  Lancaster  and  81  Heller's, 
Jersey,  died  in  London  on  Pebniary  2,  1885,  aged  74.  A  civil  en- 
^ijioer  by  profession,  he  took  a  great  interest  in  geology,  especiaUy 
devoting  himseM  to  the  causes  of  volcanic  eruptions  and  eartli quakes, 
and  to  the  evidence  of  alterations  in  the  level  of  tbe  land  in  historic 
timea.  In  the  former  he  regarded  &aturated  steam  qb  the  motive 
power,  and  on  this  subject  he  published  at  least  one  work.  He  was 
the  author  of  a  book  on  the  sinking  of  the  north  and  west  coasts  of 
France  and  the  south- western  coasts  of  England,  published  in  1868, 
and  in  the  year  1 876  read  two  papers  before  our  Society  on  sub- 
sidence in  Jersey  and  Guernsey  respectively.  It  is  to  be  hoped  that 
the  latter  subject  will  not  cease  U>  attract  notice  now  that  we 
have  lost  Sir.  Peacock,  for  it  is  one  of  much  intt^rest.  I  may, 
however,  remark  that  for  its  investigation  the  acumen  of  the  his- 
torical critic  is  even  more  necessary  than  the  knowledge  of  the 
geologist. 

QifiNTJNo  Sella,  elected  a  Foreign  Member  of  this  Society  in  1881, 
died  March  15,  1884,  An  admirable  mineralogist  and  a  sound 
geologist,  a  man  succe^ful  alike  in  private  and  in  public  business, 
an  accomplished  etatistician,  statesman,  and  MiJiister  of  Finance,  his 
death  fell  heavily  on  many  circles  and  on  many  societies.  To  us  he 
was  known  as  a  mineralogist,  who,  had  he  devoted  himself  wholly 
to  that  study,  would  have  attained  a  place  among  the  very  foremost  of 
the  lime  ;  to  another  Imnd  of  Englishmen  hia  name  was  familiar  as 
the  President  of  the  Italian  Alpine  Club ;  to  others,  again,  as  the 
President  of  the  Academy  of  the  Lincei  at  Rome ;  to  those  without 
our  scientific  societies,  as  the  successful  Miniiiter  of  State  and  the 
restorer  of  hia  country's  finances  to  a  comparatively  sound  condition. 
Our  generation  has  seen  but  few  men  of  versatility  so  great, 
industry  so  untiring,  and  snccesa  so  varied,  few  who  could  have  been 
more  widely  regretted  abroad  or  more  deeply  mourned  at  home. 

HEimiiCH  EoBEBT  GoppERT,  ILD,,  Ph.D.,  Professor  of  Natural 
History  in  the  University  of  Breslau,  died  on  May  18,  1884,  at  the 
advanced  age  of  84.  He  was  elected  a  Foreign  Member  of  our 
Society  in  1857,  and  in  1883  was  awarded  the  Murchison  Medal 
in  reco£rmtion  of  his  labours  in  fossil  botany.  He  was  a  man  of 
unwearied  industry,  245  papers  from  his  pen  being  recorded  in  the 
Liat  of  the  Royal  Society,  the  first  of  them  diiting  from  1828;  his 
last  work  *  On  the  Flora  of  Amber/  a  quarto  volume,  wm  pnbiished 
at  Banzig  in  1813,  and  an  advance  copy  was  forwitrded  to  this 
Society,  and  laid  on  the  table  at  the  Anniversary  meeting,  when 
the  Murchison  medal  was  handed  to  his  representative.  In  1846 
he  received  from  the  Academy  of  Sciences  at  Haarlem  a  gold  medal 
and  an  award  in  money  for  his  memoir  on  the  Carboniferous  Flora. 
The  httle  band  devoted  to  that  most  important  but  rather  neglected 
branch  of  our  science,  Paltcobotaoy,  will  fetl  Ihal  the  disappearance 
from  their  ranks  of  lloinrich  Eobert  Goppert  is  a  loss  not  to  be 
lightly  repaired. 
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FBBDnrAVB  Ton  Hochsietteb,  son  of  aolerioal  professor  at  Esslingen 
in  Wiirteinberg,  was  bom  on  April  30,  1829.  Destined  at  first  for 
his  father's  calling,  he  was  led  by  his  love  of  nature  to  adopt  a 
sdentifio  career,  and  studied  at  Tiibingen  under  Prof.  F.  A. 
Qoenstedt.  After  taking  his  doctor's  degree,  he  proceeded  to 
Vienna,  where  he  made  ti^e  acquaintance  of  Haidinger,  and  from 
1853  to  1856  was  employed  on  the  geological  survey  of  Bohemia. 
In  the  following  years  Hochstetter  was  absent  from  his  native  land, 
being  engaged  as  one  of  the  scientific  staff  on  the  well-known 
voyage  of  the  *  Novara,'  during  which  he  quitted  the  ship  for  a  time 
in  order  to  study  the  geology  of  New  Zealand  and  visit  the 
Australian  gold-fields.  The  results  of  his  explorations  are  published 
b  ^e  first  volume  of  the  geological  section  of  the  work  describing 
the  expedition  of  the  ^Novara ;'  and  Dr.  Hochstetter  was  also  joint 
sdUior  of  the  small  volume  on  New  Zealand,  a  translation  of  which 
is  in  the  possession  of  this  Society.  On  his  return  he  was  suc- 
cessively Professor  at  the  Vienna  Imperial  Polytechnic  Institute, 
and  Director  of  the  United  Imperial  Museum  of  Natural  History, 
m  both  of  which  he  reorganized  the  collections.  In  1880  he  was 
elected  a  Foreign  Correspondent  af  this  Society.  He  was  the  author 
of  alarge  number  of  separate  papers  and  memoirs  on  miueralogical  and 
geological  subjects,  besides  a  'Manual  of  Crystallography'  and  one  on 
Mineralogy  and  Geology;  and  he  was  t^e  means  of  discovering 
pile-boildmgs  and  other  remains  of  a  prehistoric  race  on  the 
margins  of  the  lakes  of  Carinthia.  Dr.  Hochstetter  was  much 
esteemed  by  the  Imperial  family  of  Austria,  and  numbered  the  Prince 
Imperial  among  his  pupils.  His  health  had  been  for  some  time  in 
a  failing  condition,  and  he  died,  much  regretted  by  all  who  knew 
him,  on  July  21,  1884,  leaving  the  reputation  of  an  admirable  geo- 
kgist  and  an  indefittigable  worker. 

The  long  and  melancholy  list  is  not  yet  ended.  We  lament,  in 
sympathy  with  our  geological  brethren  across  the  Atlantic,  Alexakbbb 
MiTRBAT,  member  of  the  Canadian  Survey,  to  whom  we  are  indebted 
for  most  of  what  we  know  of  the  geology  of  Newfoundland.  We 
have  lost  also  firom  the  list  of  Members  who  have  contributed  papers, 
Mr.  T.  CuKLXT  and  Mr.  Joseph  Colthubst,  and  but  two  days  since 
came  the  heavy  news  of  the  death  of  Mr.  J.  F.  Campbell.  Bom 
December  29,  1821,  the  eldest  son  of  Walter  F.  Campbell,  Laird 
of  Lday,  and  cousin  of  the  present  Duke  of  Argyll,  his  prospects 
early  in  life  were  darkened  by  the  loss  of  the  family  property  during 
his  father's  lifetime,  and  thus  he  found  himself,  immediately  afber 
attaining  his  majority,  thrown  upon  his  own  resources.  This  trial 
was  borne  with  a  quiet  magnanimity  which  gained  him  the  admi- 
ration of  his  kinsfolk  and  friends.  He  was  called  to  the  Bar,  but 
never  practised.  From  1854  to  1860  he  was  successively  Private 
Secr^ary  to  the  Duke  of  Argyll  and  Secretary  to  the  Board  of 
Health,  the  Mines  Commission,  and  the  Lighthouses  Commission, 
and  from  1861  to  1880  he  held  office  in  Her  Majesty's  household. 
In  the  intervals  of  the  above  duties  he  travelled  much.   Iceland  and 
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Seandinavia  were  more  than  once  Tialted,  In  1864  he  went  to 
America,  describing  the  joarney  in  *  A  Short  American  Tramp,' 
published  in  18fi5.  In  1873-74  he  traTellcd  through  the  north  of 
Europe  to  Archangel,  thence  through  Euesia  to  the  Caucasus,  and 
home  by  Cont^tantinople  and  Southern  Europe,  In  1874-75  he 
made  the  jonrney  round  the  world  described  in  *  My  Circular  Notes  ;' 
and  at  later  periods  spent  some  time  in  India,  Syria,  Palestine,  and 
Egypt,  He  contributed  to  our  Journal  papers  on  glacial  subjects, 
and  wrot*e  also  on  the  Parallel  Eoada  of  Lochaber  and  on  the  Gold 
Diggings  of  Hiitberland.  In  addition  to  this  he  was  an  authority 
on  Scottish  Folk  Lore,  By  geologistij,  however^  he  will  always  be 
best  remembered  in  connexion  with  hia  book  entitled  *  Frost  and 
Fire/  published  in  1865,  a  work  which  bears  evidence  of  hia  skill  as 
an  artiBt  and  accuracy  as  an  observer,  is  full  of  quiet  and  quaint 
humour,  is  delightfully  written,  and,  even  when  not  conrincing,  is 
none  the  less  suggestive.  HLs  loss  will  be  deeply  felt,  for  he  bore 
equally  well  adverse  and  prosperous  fortune,  and  ■■'  where  he  was 
best  kBown,  there  he  was  also  t^est  loved .'^ 


The  papers  which  have  been  presented  during  the  last  session  have 
not,  I  think,  been  inferior  in  number  or  in  interest  to  those  of  the 
preceding  one.  As  in  that,  papers  more  or  less  stratigraphical  have 
preponderated,  and  no  lack  of  interest  appears  in  those  questions 
where  the  petrologist  goes  hand  in  hand  with  the  tield-worker ; 
thus  rocks  igneous  and  rocks  Aj"cha?an  have  received  a  large  share  of 
attention.  Br,  Callaway  read  an  elaborate  paper  bearing  upon  the 
relations  of  the  older  rocks  of  Anglesey,  His  assignment  of  certain 
foBsiliferous  strata  to  tbeOrdoviciaii,  rather  than  to  the  Cambrian,  did 
not  seem  to  command  the  suffrages  of  other  workers  in  the  same  field ; 
but  it  will  bo  difficult,  I  think,  t-o  gainsay  the  evidence  in  favour  of 
the  Archaean  ago  of  the  crystalline  schists  and  so-called  granlt-cs, 
which  ho  brought  forward  in  corroboration  of  that  laid  before  you 
last  year.  Mr.  Hill  brfjko  ground  in  a  tield  comparatively  new, 
whose  rocks  have  long  caUed  for  investigation  by  the  more  accurate 
modem  methods,  in  his  ]wiper  on  the  rocks  of  Guernsey. 

My  predecessor  suggestedj  in  his  address  last  3'ear,  that  there  would 
be  better  chance  of  controversialists  coming  to  an  agreement  on  the 
difficult  questions  involved  in  the  geology  of  the  Archaean  rocks, 
could  they  meet  for  discussion  u|xm  the  ground.  Provided  that  due 
precautions  could  be  tiiken  for  preventing  the  melancholy  consum- 
mation which  was  fatal  to  a  well-known  scientific  society,  there 
would  be  much,  I  tfiink,  in  favour  of  this  "  trial  by  a  mixed  cummis- 
sion."  But  pending  any  such  gathering  of  the  clans  on  the  Pebidian 
moorland.  Dr.  Hicks  laid  before  the  SiDciety  his  rejoinder  to  the 
criticisms  made  in  the  previous  session  by  the  Director-Oeneral,  As 
the  forces  of  Jormyn  Street  had  been  concentrated  on  him,  he  not 
unnaturally  sought  the  alliance  of  others,  and  Mr.  T.  Bavies's 
petrological  jippendix  to  Br.  Hick&*s  paper  forms  a  valuable  contri- 
bution to  the  histor}'  of  these  interesting  Pembrokeshire  rocks.    Some 
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of  the  qaestionB  involved  in  this  controversy  cannot  he  settled  in  the 
present  state  of  our  knowledge ;  but  on  two  of  great  importance,  the 
two  most  vital  to  his  theory,  viz.  the  great  antiquity  of  the  so-called 
Dimetian  rocks  and  the  separability  of  the  Pebidian  from  the 
Cambrian,  Dr.  Hicks  brought  forward  evidence  which  it  is  difficult 
to  gainsay.  Henceforth  it  will,  I  think,  be  admitted  that  the  Dimetian 
cannot  be  regarded  as  an  intrusive  igneous  rock  of  Palaeozoic  age ;  and 
that  the  Pebidian  has,  stratigraphicaUy,  at  least  as  good  a  claim  to  be 
considered  a  distinct  formation  as  the  Lower  Silurian  of  the  Survey. 

In  anticipation  of  the  meeting  of  the  British  Association  in 
Canada,  we  received  an  excellent  summary  of  the  geology  of  the 
district  traversed  by  the  Canadian  Pacific  Railway  from  our  old 
friend  Principal  Dawson,  who  is  always  a  welcome  visitor  on  this  side 
of  the  Atlantic,  and  in  whose  well-earned  additional  dignity  we  all 
rejoice.  Professor  Green  proposed  a  new  reading  for  a  well-known 
but  admittedly  difficult  section  at  Llanberis.  Mr.  J.  J.  H.  Teall  has 
added  to  his  reputation  by  his  thorough  and  exhaustive  paper  "  On 
the  Chemical  and  Microscopical  Characters  of  the  Whin  SiU,"  and  that 
"  On  the  Conversion  of  a  Dolerite  into  Hornblende-schist."  Professor 
Judd  has  found  time  amidst  his  pressing  duties  to  give  us  another 
instalment  of  his  investigations  in  Scotland  in  the  paper  read  at  our 
last  meeting  "  On  the  Tertiary  and  older  Peridotites  of  the  Western 
Islands,"  a  paper  which  will  not  only  add  largely  to  our  knowledge 
of  some  very  interesting  rocks,  but  also  be  a  most  suggestive  one  to 
the  petrologist.  At  an  earlier  meeting  in  my  year  of  office  Professor 
Judd  also  presented  a  supplement  to  his  important  paper  on  the  Eich- 
mond  boring,  when  contributions  were  read  by  Prof.  Rupert  Jones  on 
the  Foraminifera  and  Ostracoda,  by  Dr.  G.  J.  Hinde  on  the  Calci- 
spongis,  and  by  lifr.  G.  R.  Vine  on  the  Polyzoa  obtained  from  the  cores. 
A  paper  dealing  with  a  cognate  subject  and  of  hardly  less  interest  was 
thai  by  Mr.  J.  Eunson  on  the  range  of  the  Palaeozoic  rocks  beneath 
Northampton.  The  author  laid  before  us  the  details  of  four  borings 
in  the  Northamptonshire  area,  of  which  three  had  been  observed  by 
himself.  At  Kettering  Road,  one  mile  N.E.  of  Northampton,  after 
passing  through  beds  of  the  Inferior  Oolite  and  the  whole  thickness  of 
the  Lias,  about  67  feet  of  strata  were  traversed,  which  might  repre- 
sent some  part  of  the  Trias,  after  which  beds  of  the  Carboniferoas 
series  were  struck  at  a  depth  of  805  ft.  6  inches  and  pierced  for  about 
45  ft.  At  Gayton  the  beds  assigned  to  the  Trias  were  61  feet  in  thick- 
ness, and  these  were  followed  by  beds  of  more  dubious  age  for  22ft. 
6  inches,  after  which  indubitable  Lower  Carboniferous  Limestones 
and  Shales  were  traversed  for  190  feet,  and  were  followed  by  red  grits 
and  marl,  pierced  for  a  depth  of  105  feet.  These  rocks,  be  they  Lower 
Carboniferous  or  Old  Red  Sandstone,  or  yet  earlier,  are  certainly 
made  up,  in  part  at  least,  of  the  ruins  of  granitoid  rocks,  and  are 
interesting  as  throwing  light  upon  the  probable  source  of  many 
fragments  of  reddish  grit  in  the  Trias  of  the  north-east  of  England. 
It  seems  to  me  not  impossible  that  rocks  similar  in  composition  to 
these  may  have  helped  to  constitute  the  ancient  uplands  which 
probably  formed  the  eastern  boundary  of  the  river-valley  in  connexion 
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With  which  the  lower  memhcra  of  the  Trias  were  depoBit^d.  lu 
the  third  bonag  at  Orton,  12  miles  N.E.  of  Northampton,  only  about 
^4  leet  oi  rock  oecurrcd  which  could  he  poasibly  referred  to  the 
i  nas,  shortlj  after  which  a  quartz-febite  was  piercid,  very  eimilar  m 
aU  respects  to  the  rock  at  High  Sharpley  (Chamwood  Forest),  which 
1  waa  formerly  inclined  to  refer  to  an  altered  rhyolitic  ash,  but  now 
teel  more  disposed  to  regard  aa  a  true  lava,  once  glaaay,  but  now 
devitnfied,  greatly  crushed  by  subaequent  pressure. 

The  remaining  strati  graphical  pajKira  are  not  very  numerous,  and 

Tt/  ?^i^^  V'"'^'  ^^'^  ^y  ^'-  ^*^^°^«  ^'^  the  Cretaceous  beds 
at  Jjlack  \en  has  couBidcrably  augmented  our  knowledeo  of  the 
basement-beds  of  the  Chalk  in  the  western  area  of  Uritain  Those 
^.w;  t^  f  (Gardner  on  the  plant-bearing  deposits  in  connexion 
with  the  basalts  of  Ireland  and  Iceland  appear  likely,  when  the 
whole  OTidence  is  pnbHehed,  to  raise  questions  of  importance  m  to 
tbe  ^  of  these  deposits ;  and  to  the  extremely  interesting  pawr  bv 
Mr.  bearles  ^  ood  on  the  no  leaa  problematical  deposit  at  SL  Erth. 
I  have  already  referred.  Mr.  Lamplugh  added  largely  to  our 
knowledge  not  only  of  the  fauna,  but  also  of  the  stratigraphy  of  the 
mteresting  fossihferoua  deposit  associated  with  Boulder-clay  at 
lindhngton  Boulder-clays  themselves  have  been  the  subject  of 
papers  by  Mr.  Mellard  Keade  and  Mr.  Jukes-Browne ;  an  inter- 
esting paper  by  Col.  Godwin-Austen  and  Mr,  Wbitaker  on  a  new 
raUway-cuttrng  at  GuOdford  dealt  with  Post-tertian^  m  weU  m 
lertiaiy  geology;  and  Mr.  Pidgeon  brought  ub  np  to  historic  time 
by  hia  communication  on  the  submerged  forest  at  Torbay 

On  paheontology^  we  have  b^id  the  ijleasure  of  recei^ng  three 

papers  from  our  "  Nestor '^  in  that  branch  of  geological  «tud^^  8ir  E. 

ZT\.  Ji  '*''  Bhiflldoslem  capetms,  from  the  so-calli^  Trias 

ot  the  Orange  River  Free  State,  he  directed  our  attention  to  certain 

mammalian  characters  in  the  Labyrinthodont  Amphibians,  and  in  a 

lator  oommumeatiou  pointed  out  the  resemblance  between  the  toetli 

01   the  South-African   TriUflodon,  described  last  year  by  him  and 

ai^igned  to  the  Mammalia,  and  those  of  the  Eocene  mammal,  Nea- 

plagmul^      In  a  third  paper  he  described  a  ^jortion  of  a  skull  of  a 

yoiiUilul  KUphm  antMjtms  from  Ores  well  Crags.     Mr  E.  T   Xewton 

mlToduced  to  our  notice  a  new  sijecics  of  Gazelle  from'  the  Forest 

hed  ;  Mr.  MiaLl  descnbed  a  fine  specimen  of  Mafalichtlufs  from  the 

|ork8bire  Coal-field;    and  Prof   E.  W.  aay,x;ie  showed  that  in 

America  he  had  detected   the  remains  of  Pteraspidiim  fishes  at  a 

lower  geological  horizon  than  they  are  known  to  occur  in  Britain. 

A  nt^w  si^cies  of  Uonocerfts  has  been  described  by  anew  contributor, 

JUr.   I     Koberta;   and  Mr.  Walford  has  given 'us  a  second   of  his 

careiully   worked-ont   essays,    in    that    -  On    the    Stmtigraphical 

Position  of  the  Lower  and  Middle   Jurassic    Triffoniif^   of    North 

Oxfordshire  and  adjoining  distriits."     Mr.  Vine  h^s  treated  of  the 

Cretaceous  Lichenoi^rida?,  and  Prof.   Duncan,  Mr.  ChampernowBe, 

and  Air,  Tomes   of  various  corals.     Professor  Hughes  has  reduced 

tlio  number  of  extinct  creatures  by  destroying  Spoti^Ut  p(trado.vic<t  • 

while  Bn  Huide  has  shown  us  that  it  is  possible  to  nndorstajid 
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cren  such  a  diflBcult  family  as  tho  Receptaculitidae.  We  received 
only  one  palseobotanical  paper,  strictly  speaking,  namely,  that  by 
Mr.  Kidston,  on  Zeilleria  and  other  fonns  belonging  to  the  old  genus 
8]pkenopteri$. 

In  addition  to  these,  several  papers  were  read  on  geological 
sabjectB  without  the  limits  of  the  United  Kingdom,  deaHng  with 
localities  not  only  on  the  continent  of  Europe,  but  also  in  regions 
80  remote  as  Japan,  Australia,  and  New  Zealand. 

Taming  for  one  moment  from  the  work  of  our  Fellows,  as 
evidenced  in  our  Quarterly  Journal,  we  may  assert  with  just  pride 
that  in  other  quarters  also  the  intellectual  activity  of  the  Society 
exhibits  no  symptom  of  decline.     Many  by  their  contributions  have 
aided  Dr.  H.  Woodward  in  maintaining  the  high  standard  of  that 
most  valuable  periodical  the  Geological  Magazine,  whose  coming  of 
age  ought  to  be  celebrated  this  year.     The  annual  volume  of  the 
Palaeontographical  Society,  edited  still,  as  it  has  been  so  long  and  so 
well,  by  our  Treasurer,  Prof.  Wiltshire,  more  than  keeps  up  its  high 
reputation,  and  both  deserves  and  needs  the  support  of  all  geo- 
logists.      In  it  Baron   von    Ettingshausen  and  Mr.   J.   Starkie 
Gu^er   continue  their  work  on  the  Eocene   Flora;   Professor 
Eupert  Jones,  with  his  collahorateurs  Messrs  Kirkby  and  Brady, 
neither  of  whom  have  we  the  pleasure  of  counting  among  our 
FeUows,  conclude  their  monograph  on  the  Carboniferous  Entomo- 
Btraca;  Dr.  Woodward  completes  the  description  of  the  Carboniferous 
Trilobites ;  Mr.  Davidson,  the  supplement  to  the  British  Brachiopoda, 
bringing  thus  to  an  end,  at  any  rate  for  a  time,  a  work  of  inestim- 
able value  to  every  student  of  geology ;  and  the  volume  ends  with 
the  seventh  part  of  the  description  of  the  Ammonites  of  the  Lias, 
the  last  contribution  which  we  shall  ever  receive  from  the  pen  of 
oar  departed  friend  Dr.  T.  Wright.     Mr.  Bauerman  has  published  a 
most  useful  *  Manual  of  Systematic  Mineralogy,*  thus  completing  his 
treatise  on  the  subject.     The  large  and  exhaustive  volume  on  ore- 
deposits  entitles   Mr.   J.  A.  Phillips,  our  Vice-President,  to  the 
gratitude  of  all  students  of  that  difficult  branch  of  our  science ; 
Professor  P.  M.  Duncan  has  revised  and  augmented  the  fourth  edi- 
tion of  Sir  Charles  Lyell's  '  Student's  Manual  of  Geology  ; '  and  the 
first  volume  of  the  late  Professor  Phillips's  'Manual  of  Geology,' 
treating  of  Physical  Geology  and  Palaeontology,  testifies  the  care  and 
the  erudition  of  Professor  Seeley.     On  this  the  editor  has  expended 
fully  as  much  labour  as  would  be  needed  for  the  production  of  an 
entirely  new  book,  and  it  is  impossible  to  praise  too  highly  the 
research  which  it  evidences.     It  is  far  more  than  a  text-book,  it  is 
a  directory  to  the  student  in  prosecuting  his  investigations.     We 
await  impatiently  the  second  volume,  on  Stratigraphical  Geology, 
which  is  in  charge  of  our  friend   Mr.  R.  Etheridgo,  sometime 
President  of  this  Society.     Lastly,  we  have  just  received  from  the 
British  Museum  a  copy  (in  advance)  of  Mr.  R.  Lydekker's  Illustrated 
Catalogue  of  the  Fossil  Mammalia  (Part  I.),  and  also  a  copy  of  a 
imall  iUustrated  Guide  to  the  Fossil  Fishes  by  Dr.  H.  Woodward. 
Both  these  books  are  placed  upon  the  table. 
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Ent  tlie  event  of  primary  importance  in  geology  during  the  past 
year  has  been  the  abandonment  on  the  part  of  the  Director  General 
and  other  officers  of  the  Oeological  Survey,  of  the  iliirchisonian 
hypothesis  concerning  the  stratigraphy  and  the  age  of  tbe  mcta- 
morphic  rocks  of  the  Central  Highlands.  In  his  letter,  published 
in  *  Nature/  Nov,  13,  1881,  the  Director  General,  '*  spatiis  conclnsus 
ifliquis,''  \ras  prevented  from  indicating  the  share  which  previous 
writers  had  taken  in  bringing  about  thia  result ;  but  as  in  these 
later  days  the  '^  morning  stairs ''  of  this  reformation  have  arisen  from 
our  Society,  and  for  the  most  part  sciurillated  in  our  Journal,  you 
win,  I  am  sure,  pardon  rac  if  I  dwell  briefly  on  the  dawn  before 
Hunriae.  Great  m  our  gratitude  should  be  to  those  who  bring-  ns 
the  perfect  light,  we  should  not  forget  their  harbingers  in  darker 
times,  even  if  they  could  not  wholly  diaeutanglo  themselves  from 
the  mists  of  error. 

The  view  that  the  crystalline  sehiBts  of  the  Central  Highlands  * 
were,  in  the  main,  mctamoq>hosed  representatives  of  Lower  Silurian 
strata,  set  forth  in  fullest  detail  in  the  classical  papers  of  the  late 
Sir  R.  Murchison  and  Dr.  A.  Geikie,  was  always  stoutly  resisted  by 
the  late  Professor  Nicol ;  but  the  authority  of  its  upholders  and  the 
perspicuity  of  their  arguments  prevailed  with  the  geological  world, 
and  opposition  seemed  to  have  expired  with  the  death  of  Nicol. 
The  Murchisoniaa  hjrpo thesis  was  endorsed  by  every  official  pub- 
lication ;  it  permeated  our  text-books.  The  first  to  raise  the  standard 
of  revolt  against  authority  was  Dr.  H.  Hicks,  who  has  devoted 
himself  to  the  identification  of  Pre- Cambrian  roeks  which  have  been 
absorbed  into  and  annexed  by  later  formations,  and  their  restitution 
to  Archaean,  with  as  much  energy  as,  and  better  suecoss  than»  some 
ethnologists  have  displayed  in  the  discovery  of  the  ^^  lost  ten  tribes/* 
In  our  Journal  for  the  year  1B7S  (vol.  xxxiv.),  Dr.  Hicks  published 
a  paper  '*  On  the  Metamorijhic  and  Overlying  Bocks  in  the  neigh- 
bourhood of  Ijoch  llaree,  Itoj^s-shire."  In  this,  while  agreeing  with 
8ir  Er.  Murchison  and  Br.  A.  Gcikio  that  there  was  an  ascending 
succession  from  the  Hebridean  series,  through  the  Torridon  sand- 
stone, quartzites,  and  limestones  to  the  fiaggy  series  (called  by  those 
authors  tho  Upper  Gneiss),  and  an  intrusive  mass  of  syeuitic  rock 
(exposed  on  the  floor  of  Glen  Logan  at  tho  base  of  the  last  named)^ 
he  maint^iined  that  they  were  mistaken  in  supposing  the  so-called 
Upper  Gneiss,  exhibited  on  the  left  bank  of  Glen  Logyn  and  in  the 
lower  part  of  Glen  Bocherty,  to  he  a  metamorphic  group,  and  had 
overlooked  the  fact  that  true  metamorphic  rocks  belonging  to  the 
oMeet  or  Hebridean  series  reappeared  in  the  floor  of  Glen  Docherty, 
and  by  gradually  ri.sing  and  probably  upfaulting,  formed  the  whole 
mass  of  Ben  Fyn,  whence  they  pa,ssed  southwards  to  constitute  the 
major  paii  of  the  Central  Highlands. 

In  the  volume  for  1 8 SO  appeared  a  paper  entitled  '*  Petrologioal 

*  An  excellent.  sket<!h  of  the  earlier  ttt^gm  of  the  ec}ntf0Teniy  as  ta  tho  age 
of  tho  rooks  of  the  Scxjtch  HighlAn«k  in  ciTcn  by  Mr*.  W.  H.  Hudle^ton,  in  a 
paper  read  to  the  Geologists'  ABeociation  in  187D,  and  printed  in  FrocftidingB 
Gebl.  Aiaoc.  Tol.  Ti.  p.  47. 
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Notes  on  the  vicinity  of  the  upper  part  of  Loch  Maree."  The  author, 
alter  emphasizing  certain  stratigraphical  difficulties  to  which  atten- 
tion had  been  called  at  the  reading  of  the  last-named  paper,  expressed 
his  opinion,  founded  on  microscopic  study,  that  the  flaggy  beds, 
regarded  as  unaltered  Lower  SUurian  by  Dr.  Hicks,  were  rightly 
called  metamorphic  and  were  true  schists,  although  very  different  in 
character  from  the  admitted  Hebridean  rocks  ;  he  stated  also  that  he 
had  been  unable  to  recognize  any  distinction  between  a  newer  and 
an  older  series  in  Glen  Docherty,  the  former  appearing  to  pass  on 
from  its  escarpment  at  the  upper  end  of  Loch  Maree  towards  Ben 
Fyn,  although  certainly  the  rock  became  more  highly  metamorphosed 
in  this  direction.  The  author  accordingly  contended  that  Dr.  Hicks 
had  flailed  to  make  good  his  criticism  against  the  Murchisonian 
hypothesis.  He  asserted,  however,  that  previous  observers  were  in 
error  in  supposing  the  "  syenite ''  of  Glen  Logan  to  be  an  intrusive 
mass  of  igneous  rock,  and  maintained,  on  stratigraphical  and  petrolo- 
gical  evidence,  that  it  was  simply  a  portion  of  the  Hebridean  floor 
brought  up  into  its  present  position  by  faults  *. 

The  controversy  was  now  transferred  to  the  pages  of  the  '  Geo- 
logical Magazine.'  Dr.  Hicks  obtained  the  valuable  aid  of  Mr.  T. 
Davies  to  examine  his  specimens  microscopically,  and  published  a 
series  of  papers  in  the  volume  for  1880  (vol.  vii.  dec.  2).  Li  these 
he  maintains  the  general  accuracy  of  his  former  views,  insisting 
much  on  the  identity  of  the  Ben  Fyn  schists  with  those  of  admittedly 
Hebridean  age  at  Gairloch;  a  point  which,  though  obviously  of 
primary  importance  in  the  argument,  had  unaccountably  in  his 
former  paper  been  passed  over  almost  in  silence.  He  also  admitted 
that  the  so-called  syenite  of  Glen  Logan  was  not  intrusive  in  the 
Lower  Silurian  strata,  though  he  still  regarded  it  as  an  igneous  rock, 
but  of  Pre-Oambrian  age,  and  he  modified  the  section,  which  had  been 
most  open  to  criticism,  so  as  to  weaken  the  main  objections.  To  these 
papers  Ids  critic  briefly  replied,  commenting  upon  what  appeared  to 
him  the  weak  points  of  the  defence,  and  expressing  more  clearly  his 
own  position  in  the  following  words,  "  It  is  possible  there  may  be 
very  much  Pre-Cambrian  rock  in  the  Scotch  Highlands ;  my  con- 
tention is  that  Dr.  Hicks's  proof  of  this  is  erroneous.'' 

Another  pi^r  was  read  by  Dr.  Hicks  before  our  Society  upon  the 
age  of  the  Scotch  Highlands,  which,  however,  was  subsequently 
withdrawn  by  the  author,  so  that  only  a  short  abstract  appears  in 
the  volume  for  1880  ;  but  I  believe  the  substance  of  it  was  after- 
wards embodied  by  him  in  an  address  to  the  Geologists'  Association. 
In  this  Dr.  Hicks  deals  with  the  district  for  a  considerable  distance 
on  either  side  of  Loch  linnhe,  Loch  Eil,  and  the  S.W.  end  of  the 
Caledonian  CanaL  He  shows  that  here  also  a  great  series  of  rocks 
occur  corresponding  with  those  of  Hebridean  type,  both  as  asserted 
by  himself  and  as  admitted  by  his  opponents,  with  which  are  in- 
folded both  a  schistose  series,  which  he  is  disposed  to  correlate  with 

*  The  posnbility  of  part  of  this  being  ^eias  had  already  been  suggested 
^without  the  knowledge  of  the  writer  of  me  above  paper)  l^  Mr.  Hudleston 
m  Ik  oommunication  to  the  Geologists'  Association* 
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the  Pebidian  of  Wales,  and  a  group  of  rocke  comparatively  t3u* 
altered,  wliich  he  regards  as  SilQrian. 

In  tiixe  volume  for  1881  a  new  combatant  appears,  and  the  debate 
is  transferred  to  another  re^on.  Dr.  C,  Callaway,  in  a  short  paper 
on  **  the  Limei=itone  of  DnrriesB  and  Assjnt,"  comes  to  s  conclusion 
which  perhaps  may  be  most  simply  expressed  in  his  own  words. 
He  had  selected  the  localities  **  because  they  alone  are  alleged  to 
have  yielded  fopsils  from  the  limestone,  and  becau&e  Murebison 
regarded  them  as  of  primary  importance  in  the  construction  of  his 
argument.  My  rcsearcbet*,*'  he  says,  **  led  me  to  the  conelnsion, 
not  onlj'  that  the  sections  were  broken  and  therefore  untrustworthy, 
but  that  the  relations  of  the  several  rock  groups  were  inconsistent 
with  the  supposition  that  the  limestone  passed  below  any  part  of  the 
newer  metamorphic  series."  In  another  short  paj>er  published  in 
the  volume  for  1S82  he  asserts  the  conformity  of  the  quartzite  with 
the  Torridon  Hand  stone  in  the  Loch  Broom  and  Loch  Assynt  region, 
and  on  that  ground  maintains  that  the  latter  has  more  claim  to  be 
referred  to  the  lower  part  of  the  Ordovician  than  to  the  Cambrian 
fieries.  In  a  paper  entitled  **  First  impressions  of  Assynt,*'  published 
in  the  *  Geological  Magazine'  for  IS  82,  Mr.  Hndle&ton  insists  strongly 
on  the  evidence  of  folding  and  faulting  on  a  vast  ecale^  doubting  the 
existence  of  the  "  Upper  Quartz it4[i,'*  and  bringing  forward  rmmerous 
reasons  for  believing  that  the  equivalent  in  that  district  of  the 
"  syenite  "  of  Glen  Logan  was,  *^  from  top  to  bottom,  the  local  repre- 
eejitative  of  the  fundamental  gneiss,  or  something  that  is  first  cousin 
to  it;** 

In  the  volume  for  1BS3,  Dr.  Hicks  retumetl  undautvted  to  the 
attack,  and,  in  the  chivalrous  spirit  of  one  who  fights  for  truth 
rather  than  for  victory,  took  his  old  antagonist  into  his  confidence^ 
and  obtained  hif^  aid  in  the  examination  of  his  collections.  In  this 
paper,  which  deals  with  an  extensive  district  on  the  western  side  of 
Scotland,  between  parallels  of  latitude  drawn  roughly  through  Fort 
William  on  the  south  and  the  lower  end  of  Loch  Maree  on  the 
north,  Dr.  Hicks  gives  the  results  of  two  journeys  undertaken 
subsequently  to  the  year  187 ^^j  and  brings  forward  very  strong 
evidence  in  favour  of  the  following  conclusions :- — that  in  the  district 
between  Locli  Maree,  tlie  Gairloeh,  and  Loch  Torrid  on,  the  admittedly 
Palaeozoic  beds  (Torridon  Sandslone,  Quartntes,  &c.)  rest  u]>on  the 
Hebridean  series,  wluch  exhibits  in  aBcending  order  three  litho- 
logieal  types  ;  the  lowest  or  most  massive  being  exposed  on  the  east 
shore  of  Loch  Maree  ;  the  middle  or  more  banded  gneisses  occupying 
a  considerable  area  on  the  west  shore  of  the  same  loch,  and  a  strip 
between  the  head  of  the  Gairloeh  and  the  lower  part  of  Loch 
Torridon ;  and  the  upper  or  micaceous  schist-like  group  occupjing 
a  strip  which,  starting  from  Ben  Alligin,  runs  northward  to  the 
head  of  the  Gairloeh,  separating  the  two  areas  of  the  last-named 
group.  That  the  whole  of  the  series  is  included  in  the  Hebridean 
of  Murchison  has  never  bi^en  questioned.  Dr.  Hicks  then  points 
out  that  a  group  of  rocks  lithologieally  corresponding  with  the  latf- 
named  of  these  passes  by  Loch  Fannich  and  the  head  of  Glen 
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Logan,  through  Ben  Fjn  and  the  distriot  eaat  of  it,  and  so 
broadening  out  occupies  the  coast  from  Loch  Ailsh  to  Arisaig. 
Again  it  reappears,  on  the  eastern  side  of  a  fault,  near  the  head  of 
Loch  Eil  (on  the  northern  shore  of  which  is  a  small  area  of  Torridon 
Sandstone),  extending  to  Fort  William  on  the  Caledonian  Canal. 
The  triangular  speu^e  hetween  these  two  districts  was  occupied,  a» 
he  showed,  hy  a  series  of  rocks  corresponding  lithologically  with  the 
middle  zone  of  the  Hehrideans  of  the  Loch-Maree  region.  To  these 
three  lithological  groups  Dr.  Hicks  gave  the  names  respectively  of 
the  Loch-Maree,  t  he  Loch-Shiel,  and  the  Gairloch  or  Ben-Fyn  series, 
and  he  inclined  to  hold  them  stratigraphically  distinct  one  from 
another.  Dr.  Hicks  also  admitted  in  this  paper  the  gneissic  charac- 
ter of  the  so-called  syenite  of  Glen  Logan,  and  classed  it  with  the 
Loch-Maree  group,  stating  that  in  the  upper  part  of  the  glen  he 
had  found  that  it  ahutted  on  rocks  belonging  to  the  Ben-Fyn 
group. 

The  perplexing  schists  on  the  southern  side  of  Glen  Logan 
(named  by  him  the  Glen-Docherty  beds,  which  occupy  a  consider- 
able area  on  either  side  of  the  latter  glen)  are  separated  from  the 
rest,  and  their  age  is  left  by  him  in  uncertainty.  It  cannot  be 
denied  that  in  this  paper  Dr.  Hicks  made  to  the  controversy  a  contri- 
bution of  the  highest  value,  and  may  claim  to  have  brought  Highland 
reform  into  the  region  of  practical  politics.  He  had  shown  that 
unless  Hthologioal  similarity  was  to  be  utterly  disregarded  as  a  factor 
in  correlation  in  two  areas  almost  neighbouring,  a  very  large 
portion  of  the  western  Highlands  north  of  the  Caledonian  Canal  was 
occupied  by  rocks  which  were  substantially  identical  with  an  im- 
portant series  of  admittedly  Hebridean  age,  and  exhibited  the 
same  Hthological  sequence. 

But  this  was  by  no  means  the  only  blow  dealt  in  the  course  of  the 
year.  Three  months  later  was  reaid  a  third  communication  from 
Br.  Callaway,  printed  in  the  same  volume,  *^  On  the  Age  of  the  newer 
Gneissic  Rocks  of  the  Northern  Highlands."  This  elaborate  paper 
was  the  result  of  work  done  chiefly  during  the  summers  of  1881 
and  1882,  in  the  districts  around  Lochs  Broom,  Assynt,  and  ErriboU. 
The  following  is  a  summary  of  Dr.  Callaway's  principal  condu- 
iions : — 

(1)  The  '*  Upper  Cluartzite  "  of  some  authors  is,  in  these  districts, 
simply  a  repetition  by  folding  of  the  so-called  Lower  Quartzite  ;  the 
^  Upper  Limestone "  on  Loch  Ailsh  is  marble  and  crystalline  dolo- 
mite in  the  Eastem-Gneiss  series  (Upper  Gneiss  of  Murchison) ;  the 
Assynt  series  (PalsBozoic)  has  been  doubled  back  upon  itself  in  a  com- 
pressed synclinal  fold  along  Loch  ErriboU,  while  along  Loch  Broom  the 
dolomite  (of  the  Palaeozoic  series)  does  not  come  into  contact  with  the 
Bastem  Gneiss  at  all,  but  is  separated  from  it  by  older  faulted 
rocka. 

(2)  Li  the  three  areas  described  the  Assynt  series  and  the  Eastern 
Gneiss  display  a  discordant  strike  and  dip. 

(3)  The  "  igneous  rock "  of  some  authors,  that  now  commonly 
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referred  to  as  the  Logan*  rock,  is  usually  the  Hehridean  Gneiss* 
which  IB  ofteu  brought  by  an  overthrow  fault  above  diftereot 
memhers  of  the  Aasynt  series, 

(4)  The  Eastern  Gneiss,  though  actually  overlying  the  Assynt 
aeriea  in  some  localities,  has  been  brought  into  this  abnormal  position 
by  earth-moTements  subsequent  to  the  deposition  of  the  latter,  and 
belongs  to  the  Archaean  group,  but  is  nevertheless  widely  separated 
in  age  from  the  Hcbridean. 

In  his  carliefit  [mper  Dr.  Callaway  had  been  disposed  to  acquiesce 
in  the  view  which  for  a  time  found  favour  with  several  investigators, 
myself  among  them,  that  the  apparent  sequence  from  the  base  of  the 
Torridon  Sandstone  to  the  Upper  Gneiss  might  bo  a  real  one, 
but  that  the  fossiliferous  limestone  of  Durness  might  not  be 
identical  in  age  with  tho  dolomitie  limestone  which  appeared  to 
underHe  the  Upper  Gneiss,  hence  that  the  rocks  from  the  Torridon 
Sandstone  to  the  Upper  Gneiss  inclusive  might  all  belong  to 
the  Archaean  series,  though  to  a  later  part  of  it  than  the  Hebri- 
dean.  This  view  I)t.  Callaway,  after  more  detailed  work,  was  com- 
pelled tfl  abandon,  and  I  am  myself  convinced  that  we  must  accept 
the  Torridon  Sandstone,  quartzite,  and  overlying  limestone,  whether 
dolomitie  or  not,  as  deposits  of  Paheozoic  age. 

But  the  untcnability  of  the  lilurehisonian  hypothesis  had  been 
simultaneously  demojistrated  by  yet  another  investigator.  Professor 
Lapworth,  \5'hose  work  in  the  southern  uplands  of  Scotland  bad 
rendered  him  especially  familiar  with  disturbed  districts,  and  w^ith 
the  principles  of  mountain  as  opposed  to  lowland  stratigraphy, 
applied  himself  in  the  summer  of  1882  to  the  study  of  the  coast 
region  of  Durness  and  Erriboll,  selecting  that  as  the  one  in  which  '*  a 
demonstrably  ascending  succession  from  the  basal  Hehridean  Gneiss 
through  fossiliferous  PalaKJZoic  limestones  into  the  metamorphic 
gneiss  and  micaceous  schist  and  slatesf  ef  the  Central  Highlands  *^ 
was  asserted  to  occur.  The  results  of  this  work  have  been  only  in 
part  published,  because,  on  revisiting  the  country  in  the  summer  of 
1883,  incessant  labour  and  continuous  exposure  completc*d  the  ill 
effects  of  a  long  period  of  excessive  devotion  to  work,  and  brought 
on  most  serious  illness-,  from  which  Professor  Lapworth  has  hardly  yet 
completely  recovered.  Bat  you  wiU  remember  that  he  exhibited  in 
this  room  a  most  elaborate  map  and  sketch  section,  at  the  meeting 
when  Dr.  Callaway *s  paper  was  read  J,  and  showed  how^  his  detailed 
work  in  the  Erriboll  region  wfis  in  acconlance  with  the  main  conclu- 
sions at  which  that  investigator  had  arrived.  Professor  Lapworth, 
however,  in  the  coiu*se  of  the  year  1883  contributed  three  papers  to  the 
Geological  !^f  agazine,  entitled  **  The  Secret  of  the  Highlands,'*  These 
pai>ers,  the  first  of  which  was  pubhshed  in  the  March  number,  I  may 
venture  to  assert  will  alwa}^  hold  a  ver}'  high  place  among  the  contri- 
butions to  the  elucidation  of  a  problem  which  for  so  long  has  been  the 
special  **crux  '*  of  British  geologists.  In  the  first,  Professor  Lapworth 

*  Nnraed  from  Glen  Logan*  neiir  Loch  Maitw^  aUo  written  Glen  ILaggan. 
t  The  Upj>er  GaeiflS  of  Murohison  and  Oeikie. 
t  May  9,  1883. 
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demonstrates,  by  a  sketch  of  the  geology  of  the  Durness-EmboU 
region,  that  ihe  ordinar}'  principles  of  stratigraphy  would  lead  obser- 
vers in  two  adjacent  districts  to  absolutely  contradictory  results 
viz.  that  in  the  Durness  area,  the  Sutherland  (or  Newer)  Gneiss 
series  is  demonstrably  newer  than  the  (fossiliferous)  Palaaozoic  series, 
and  in  the  Erriboll  area  is  demonstrably  older.  In  the  other  papers, 
published  in  the  May  and  August  numbers  (the  series  was,  I  believe, 
left  incomplete  through  his  illness),  he  proceeds  to  apply  to  the 
Scotch  Highlands  the  principles  of  mountain  stratigraphy  enunciated 
by  Rogers,  Heim,  Baltzer,  and  others,  and  shows  how,  in  the  process 
of  folding,  inversions  and  overthrust-faulte  toay  be  produced  on  a 
g^igantic  scale,  and  appearances  of  conformable  succession  and  even 
of  bedding  be  simulated,  which  are  nevertheless  wholly  deceptive. 

The  matter,  then,  before  the  end  of  the  year  1883,  in  the  summer  of 
which  a  detachment  from  the  Geological  Survey  took  the  field  in 
Sutherland,  stood  thus :  two  or  three  of  those  whom  I  may  call  the 
minor  contributors  to  this  controversy,  had  pointed  out  serious 
mistakes  and  unsuspected  difficulties,  and  had  expressed,  in  effect, 
this  opinion,  that  very  clear  evidence  would  be  needed  before  we  could 
accept  the  dominant  rocks  of  the  Highlands  as  of  Lower  Silurian  age. 
Dr.  Hicks  had  shown  that  unless  lithological  similarity  in  neighbour- 
ing districts  be  of  no  value,  a  very  large  portion  of  the  rocks  in  the 
moantain  region  of  South  Eoss-shire  and  Inverness  must  be  much  older 
than  the  Torridon  Sandstone,  and  that  there  was  evidence  of  faulting 
and  folding  on  a  gigantic  scale.  Dr.  Callaway  had  shown  the  same 
for  the  western  part  of  Sutherlandshire,  and  had  proved  the  ex- 
istence of  unsuspected  inversions  and  overthrusts  ;  while  Professor 
Lapworth  had  demonstrated  the  Murchisonian  hypothesis  to  be 
self-contradictory  in  a  region  regarded  by  its  upholders  as  t}'pical,  and 
had  shown  us  that  the  difficulties,  anomalies,  and  deceptive  appear- 
ances are  such  as  are  usual  phenomena  in  mountain-makmg  on  a  grand 
scale*. 

I  have  dwelt  but  little  upon  the  discordances  or  the  errors  of  the 
observers  whose  work  I  have  noticed.  Perfect  concordance  among 
rrformers  is  not  to  be  expected ;  and  men  who  are  honestly  struggling 
towards  the  light  cannot  hope  to  attain  at  one  bound  to  the 
complete  truth.  There  is  always  a  danger  lest  the  fascination  of  a 
new  discovery  should  lead  us  too  far.  Men  of  science,  being 
homan,  are  apt,  like  lovers,  to  exaggerate  the  perfections  and  be  a 
little  blind  to  the  faults  of  the  object  of  their  choice.  Even  now, 
great  as  has  been  the  flood  of  light  thrown  upon  the  question  by 
the  writings  of  the  Director  General  and  his  officers,  I  am  sure 
that  they  would  be  the  last  to  indulge  in  the  illusion  that  they  have 
solved  every  mystery  or  may  not  have  to  correct  some  details.     It 

*  I  haTO  omitted  in  the  aboTO  brief  sketch  seTcral  papers  of  minor  impor- 
teoee  which  hare  appeared  in  the '  Geological  Magazine '  and  other  publications, 
and  a  series  of  papers  b>'  Prof.  Heddle  in  the  *  Mineralogical  Magazine ;'  the 
latter,  because,  notwithstanding  their  Talue  as  contributions  to  the  mineralocy 
of  the  Highlands,  I  do  not  think  they  help  us  much  in  the  elucidation  of  the 
aboTSHUuned  problem. 
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will  need  years  of  careful  mapping  in  the  fields  supplemented  by 
minute  study  of  tho  rocks  by  practised  aad  qualified  mieroscopij^ts 
(for  in  thia  matter  a  very  specitil  training  is  needed),  before  tbo  whole 
secret  of  the  Highlands  is  discovered.  I  nm,  indeed,  moi"©  hopeful 
of  the  possibility  of  distinguishing  between  the  results  of  metamor- 
phic  action  in  Paloxjzoic  and  in  Archaean  times  than  I  belie te  some 
workers  in  this  field  to  be ;  but  to  this  subject  I  hope  to  return  if 
honoured  with  another  opportunity  of  addressing  you  from  this  chair. 
However,  whatei^er  may  be  the  results  of  future  work,  whether 
official  or  non-oiHcial,  I  do  not  hesitate  to  say  that  this  abandonment 
on  the  part  of  the  Geological  Surrey  of  the  Murchisonian  hype  them  a 
is  an  event  of  primary  importance  in  the  history  of  geological 
progress  ;  and  we  should  render  a  just  tnl  ute  of  admiration  to  the 
Director  Geueral  and  to  Messrs.  Peach  and  Home,  the  chief  mem- 
bers of  the  field-party,  for  their  candour  in  investigating  the 
question  and  in  announcing  their  abandonmeut  of  opinions  which 
only  a  few  years  since  it  would  have  seemed  presumptuotis  to 
question.  ^Tien  Dr.  Geikie  declares  that  an  hypothesis,  main- 
tained by  one  whose  memory  is  justly  dear  to  him,  in  the  support 
of  which  he  hiniself  in  his  younger  days  plnjed  an  important  part, 
must  be  abandoned,  he  shows  himself  superior  to  that  too  common 
weakness  which  fears  to  admit  a  mistake,  and  he  gives  us  the  best 
hope  for  the  future  of  the  Geological  Surrey  of  Great  Britain  - 

Indeed,  the  importance  of  this  step  can  hardly  be  over-estimated 
in  regard  to  its  future  results.  As  a  worker  in  petrolog),  I  can 
testify  how  the  Murehisonian  byiwtbesis  has  lain  like  an  incubus  on 
the  investigator,  impeding  bis  progress  in  what  seemed  legitimate 
inductions  from  observed  faets^  and  beiug  invoked  by  bis  opponent* 
as  a  kind  of  fetish.  Its  abandonment,  therefore,  will  bo  of  moral 
as  well  as  of  intellectual  value.  I  have  noticed,  sometimes  with 
regret,  among  geologists  an  over-tendency  to  hero-worship.  To 
question  the  conclusions  of  one  of  the  great  men  now  departed  from 
among  us  baa  been  regarded  as  savouring  of  presumption.  We  are 
right,  in  the  interest  of  science^  to  scout  criticism  which  is  founded 
on  ignorance,  and  to  show  little  mercy  to  rash  hyjiothesis ;  for  these, 
by  cumbering  the  ground,  retard  instead  of  helping  progress ;  but  a 
spirit  of  blind  adoration  for  the  past  should  have  no  place  among 
those  who  are  seekers  after  tnitb.  So  long  aa  the  fact^  are  un- 
altered we  are  right  in  hesitating  much  before  we  differ  from 
conclusions  which  one  of  our  departed  worthies  in  science  has 
formed  upon  the  data  which  %vere  submitted  to  him  as  fully  as  to 
us  ;  but  when  new  facts  have  been  discovered,  when  novel  and  more 
perfect  methods  of  inve^stigation  have  been  devised,  we  are  bound, 
as  honest  men,  to  make  fuU  use  of  these  and  not  to  shrink  from 
annonnt  ing  our  conclusions.  I  yield  to  no  one  in  reverence  for 
OUT  great  men  of  old  ;  I  marvel  humbl\  at  what  they  acoompliBhed 
with  the  means  at  their  disposal ;  hut  I  should  tliitik  it  a  wrong  to 
the  memory  of  searchers  atter  truth  did  I  invoke  their  names  to 
wrest  its  progress^  and  use  the  **  dead  band  "  of  the  departed  hero 
to  paralj  ze  the  living  worker.     There  is  no  revelation  in  science ; 
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discovery  did  not  cease  when  either  De  la  Beche,  Morchison,  or  Sedg- 
wick rested  from  their  labours ;  and  it  needs  no  prophet  to  foretell 
that  in  the  days  to  come  others  will  *'  rise  on  stepping  stones  of  our 
dead  selves  to  higher  things." 

Another  good  effect  on  geological  progress  is  Hkely  to  result  from 
this  honest  recantation.  The  establishment  of  a  Geological  Survey 
as  a  department  of  the  State  is  an  immense  boon  to  a  country ;  but 
there  is  always  some  danger  lest  the  systematic  method  of  their 
work,  and  a  natural,  I  may  say  laudable,  esprit  de  corps  should 
lead  its  members  to  regard  workers  unconnected  with  them  as 
intruders,  and  to  speak  with  some  contempt  of  "  amateurs.**  Per- 
sonally I  should  not  admit  that  a  man  who  has  devoted  his  life  to 
the  study  and  teaching  of  geology  is  not  as  ftiUy  entitled  to  be 
called  a  Professional  Geologist  as  one  who  is  an  officer  of  a  Survey. 
Indeed  it  appears  to  me  that  in  the  two  ranks  you  will  generally 
have  developed  capacities  equally  important,  which  can  very  rarely 
be  united  in  any  one  man.  The  official  surveyor  obtains  knowledge 
of  great  accuracy  and  minuteness  in  a  field  which,  from  the  nature 
of  the  case,  must  be  rather  limited ;  hence  he  becomes  what  we  may 
can  a  specialized  stratigraphist ;  or,  if  not,  he  must  occasionally  be 
set  to  execute  work  for  which  he  is  imperfectly  qualified,  and  so 
may  make  serious  mistakes.  The  unofficial  geologist,  unfettered 
by  the  requirements  of  an  office  and  the  necessity  of  returning  a 
seemly  annual  report  of  progress  to  his  paymasters,  the  State,  is 
able  not  only  to  follow  his  special  bent,  but  also  to  extend  his 
experience  over  a  wider  area.  Travel,  as  it  has  been  well  said,  is 
an  essential  in  the  education  of  a  geologist ;  but  to  travel  much 
requires  a  more  liberal  allowance  of  time  and  of  stipend  than  can 
be  obtained  firom  an  English  Government.  But  accepting  for  a 
nu>ment  the  definition  of  a  professional  geologist,  as  commonly  un- 
derstood, there  is  and  has  been  sometimes  a  danger  that  the  dass- 
feding  of  which  I  have  spoken  should  be  aroused.  It  would  be  an 
in  day  for  science  if  the  Geological  Survey  should  ever  become 
80  narrow-minded  as  to  resent  ex  officio  the  criticism  of  unattached 
competent  observers,  or  one  of  the  latter  find  any  special  pleasure 
in  dilating  upon  a  chance  mistake  which  bore  the  imprimatur  of 
Jermyn  Street.  It  would  be  the  greatest  disaster  if  the  votaries  of 
geology  became  divided  into  "an  establishment**  and  "noncon- 
formists,** and  imported  into  their  differences  a  spirit  too  prevalent 
in  theology.  Messrs.  Peach  and  Home,  by  their  unprejudiced  inves- 
tigation into  the  facts  in  the  field,  and  the  Director  General  by  his 
frank  admission  of  a  past  mistake,  have  done  their  best  to  close  a  rift 
of  which  I  have  sometimes  observed  indications.  In  the  future 
it  win  be  evident  that  all  alike  are  liable  to  err,  and  that  the  dis- 
covery of  truth  is  not  limited  to  any  age  or  any  workers.  Science 
needs  no  infallible  church  and  admits  of  no  Pope. 


On  these  occasions  you  have  for  long  past  tacitly  indulged  your 
President  with  an  opportunity  of  making  some  remarks  on  any 
department  of  geology  in  which  he  is  sp^ially  interested.     Of  this 
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mdulgence  I  intend  to  avail  myself  by  selecting  petrology*,  becatifle 
of  late  years  I  have  more  especially  devoted  myself  to  inveetigatiiig 
that  branch  of  geology.  In  so  doing  I  cannot  hope  to  command 
the  Bymiiathics  of  more  than  a  limited  portion  of  my  audience;  but 
I  venture  to  think  that  it  may  be  of  use  to  state,  aa  clearly  a*  may 
be  in  my  power,  some  of  the  results  at  which  I  think  petrologists 
have  arrived,  and  some  of  the  difficulties  which  yet  remain  for  &0I11- 
tion.  It  will  not,  however,  be  ray  purpose  to  endeavour  to  ascer- 
tain whether  the  former  category  commands  a  majorit}' of  vate& 
among  geologists,  or  even  among  nominal  petrologista  ;  I  shall 
venture  to  speak,  as  it  has  been  my  habit  to  work,  with  considerable 
independence,  and  jou  must  receive  my  remarks  as  mainly  the  ex- 
pression of  my  own  opinion^  which,  however,  I  can  assure  you,  in 
all  matters  still  the  subject  of  controversy,  has  not  been  formed 
without  considerable  thought  and  labour.  Tliis  method  of  proce- 
dure has  been  rendered  inevitable  by  the  circumstances  of  the  case. 
It  is  now  some  fourteen  yeare  since,  owing  to  a  combination  of 
causes,  I  drifted  into  studjing  the  microscopic  structure  of  rocks. 
I  say  **  drifted,''  because  I  did  not  undertake  the  study  deliberately, 
nay,  I  refrained  from  it  for  some  time  through  fear  that  a  certain 
delicacy  in  my  eyes  would  make  it  impossible  for  me  to  work  with 
the  microscope.  That  fear,  however,  has  happily  proved  to  some 
extent  grooiidJess,  tliough  I  have  always  had  to  exercise  considerable 
caution,  and  to  use  high  [jowers  only  for  limited  times,  I  began 
the  study  in  consequeoce  of  tiudiug  among  those  who  professed  to  be 
authorities  such  a  confJict  of  opinion,  even  upon  the  most  fundamental 
questions,  that  no  conclusion,  upon  written  evidence  alone,  seemed 
possible.  Hence  it  has  always  been  my  endea%"our  to  work  without 
prejudice  in  favour  of  any  view,  to  gather  vij  facts  from  observa- 
tions both  in  the  field  and  with  the  microscope,  to  frame  hypotheses 
as  the  facts  accumulated,  and  then  to  continue  to  test  these  hj*po- 
theses  by  further  work,  I  believe  that  I  may  add  that,  at  the 
beginning,  I  always  took  as  the  more  probable  by  pot  he  sis  that  which 
appeared  to  find  acceptance  with  the  best  authorities.  I  have  endea- 
voured, in  short,  to  apply  to  this  branch  of  geologj-  the  laws  of 
reasoning  which  w^ere  taught  me  years  ago  in  mathematics,  and  I 
venture  to  believe  that  this  method  is  the  safest.  It  wiU  not  save 
one  from  mistakes  ;  it  may  happen  that,  no tvdth standing  all  care, 
one  generalizes  too  hastily  ;  a  wider  knowledge  may  show  that  an 
hyiHJtbesis  in  inadequate  or  imperfectly  stated ;  but  stOl,  I  believe 
that  this  method  of  successive  approximations,  of  framing  working 
hypotheses  from  facts,  and  constantly  exposing  these  to  the  test  of 
now  facti?,  is  the  right  way  to  attain  truth  in  science. 

Let  me,  however,  first  venture  one  or  tw^o  remarks  on  the  present 
position  of  petrology-  as  a  branch  of  science*  It  has  undergone 
vicissitudes*     To  many  of  the  early  geologists  it  presented  great 

*  Or,  a«  fome  author»  prefe!'  to  cull  it,  petrographv.  The  word  used  In  the 
teit  appeara  to  tne  prefemble  on  the  annlogy  of  tlie  other  deeigriJiHuns  of 
eeienoefl.  petrograpfay  indicttting  the  desmption  ratlier  thnn  the  m^ieuiifio 
iDvestigiition  of  rocks. 
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attractions,  and  for  a  time  palaeontology  was  of  less  account  than 
mineralogy,  the  fossil  contents  of  the  earth's  crust  attracted  less 
attention  than  its  mineral  structure.  But  some  forty  years  ago  the 
majority  of  geologists  yielded  to  the  fascination  of  the  vast  field  which 
a  study  of  fossils  opened  out  hefore  them  ;  and  exact  petrology,  at  any 
rate  in  England,  found  few  followers  after  the  death  of  Be  la  Beche. 
I  do  not  say  this  as  a  reproach — it  is  well  that  each  generation 
should  do  the  work  which  lies  ready  to  its  hand  ;  and  I  can  under- 
stand that  the  great  mystery  of  life  will  always  induce  (and,  I  may 
aay,  rightly  induce)  the  majority  of  thoughtful  men  to  incline  to  a 
study  of  the  organic  rather  than  of  the  inorganic  world.  Further, 
iihe  older  generation  of  petrologists  had  gone  ahout  as  far  as  was 
possible  with  the  means  at  their  disposal ;  the  revival  of  petrolog}* 
has  been  due  to  the  application  of  the  microscope  to  the  investi- 
gation of  its  problems.  In  this  respect  we  may  feel  a  just  pride  in 
remembering  that  to  one  of  our  countrymen,  Dr.  H.  Clifton  Sorby, 
a  former  occupant  of  this  chair,  belongs  the  honour  of  being  among 
the  very  first  to  appreciate  the  importance  of  this  mode  of  investi- 
gation and  to  place  himself  at  its  head. 

At  the  present  time  the  stady  of  petrology  is  encompassed  with 
not  a  few  difficulties,  some  inherent,  some  temporary.  It  may  be 
oseftd,  even  at  the  risk  of  giving  offence,  if  I  glance  briefly  at  these. 
To  begin,  the  study  is  not,  and  can  hardly  ever  be,  a  popular  one. 
To  be  an  ideal  petrologist  it  is  necessary  to  be  a  good  chemist, 
physidst,  mineralogist,  and  field-geologist ;  and  who  can  hope  to 
combine  qualifications  so  diverse  ?  Again  and  again  I  have  found 
myself  sharply  stopped  by  my  ignorance  of  chemistry,  of  physics,  or 
of  mineralogy,  or  by  want  of  leisure  to  undertake  along  journey  for 
the  purpose  of  study  in  the  field.  These  difficulties,  however,  will 
always  more  or  less  exist,  and  we  must  be  content  to  do  our  best 
with  the  means  at  our  disposal.  But  there  are  also  difficulties  of  a 
more  temporary  nature.  One  is  that  geologists,  as  a  body,  under- 
value rather  than  overvalue  the  difficulties  of  the  subject,  and  seem 
disposed  to  treat  it  as  a  playground  whereon  they  may  relax  from 
severer  studies.  As  regards  this,  I  venture  to  assert  that,  at  the 
present  stage  of  our  knowledge,  crude  fancies  and  vague  hypotheses, 
founded  on  a  few  imperfectly  observed  facts,  can  do  nothing  but 
cumber  the  ground  and  impede  the  progress  of  students.  No  ob- 
servation on  any  point  of  real  difficulty  is  of  the  slightest  value 
unloBB  it  be  substantiated  by  careful  study  with  the  microscope. 

Closely  akin  to  this  is  another  difficulty,  that  the  evidence  cannot 
be  presented  ad  populum.  What  is  seen  with  the  microscope 
depends  not  only  upon  the  instrument  and  the  rock-section,  but 
also  upon  the  brain  behind  the  eye  of  the  observer.  Each  of  us 
looks  at  a  section  with  the  accumulated  experience  of  his  past 
study.  Hence  the  veteran  cannot  make  the  novice  see  with  his 
eyes ;  bo  that  what  carries  conviction  to  the  one  may  make  no  appeal 
to  the  other.  This  fact  does  not  always  seem  to  be  sufficiently 
recognized  by  geologbts  at  large.  In  similar  palaeontological  ques- 
tions, such    as  the  structure  of  plants  or  of  protozoans,  I  have 
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observed  that  tlie  opinion  of  one  who  ia  known  to  have  devoted  somt* 
years  to  the  study  ia  considered  to  outweigh  that  of  one  who  has 
given  no  proofs  of  compet-ency ;  while  I  have  seen  in  petrol of»y»  again 
and  again,  statements  commanding  attention,  and  even  printed  in 
flcientiJic  journc'ds,  which  I  knew  not  only  to  be  unproved ,  hut  also, 
unless  tbo  work  of  years  had  been  wasted,  to  be  extremely  difficult 
to  prove. 

There  is  yet  another  impediment  to  progress,  quite  opposito  to, 
and  much  more  laudable  than,  the  last.  It  is  that  the  recognition 
of  the  great  difficulties  of  the  subject  causes  some  students  to  despair 
of  arriving  at  the  truth,  and  leads  them  to  adopt  what  I  may  caJl 
on  agnostic  poaition.  Now  I  believe  that  by  so  doing  no  progress 
ever  has  been  or  ever  will  be  made  in  science.  If  caught  in  a 
scientific  *' slough  of  despond/'  you  will  never  get  out  by  merely 
wallowing  about  aimlessly.  Assume  that  there  is  a  way  out ;  trj' 
in  turn  each  that  seems  most  probable,  and  probably  one  will  b© 
found,  I  am  well  aware  that  there  are  a  vast  number  of  questions 
in  pctroloj^'  which  are  not  yet  settled — not  a  few,  perhaps,  never 
will  be  settled  in  our  lifetime  ;  but  I  maintain  that  progress  is  most 
likely  to  be  made  by  endeavouring  to  frame  a  working  hypothesis, 
if  only  the  observer  be  strictly  honest  in  recording  not  only  tlie 
fact«  which  are  favourable  to  it,  but  also  those  which  apjj^^ar  to  be 
hostile.  May  I  then  be  allowed,  before  proceeding  further,  to  lay 
down  two  principles  which  occasionally  seem  to  be  forgotten  by  some 
earnest  workers  ? 

(a)  The  first  is  that  all  observations  which  are  on  record  are  not 
of  equal  value.  This  depends,  as  I  have  said,  partly  on  the  qualifi- 
cations of  the  observer,  partly  on  the  perfection  of  his  appliances. 
For  example,  there  are  some  difficult  points  in  petrohigj  in  regard 
to  which  I  should  attach  hardly  any  weight  to  the  evidence  of  even 
one  of  eur  most  honoured  workers  in  '*  preraicroscopic  *^  days*  because 
I  know,  from  my  own  experience,  that  the  i^ucstion  is  one  whore 
the  unaided  eye  cannot  help  us  to  a  decision, 

(h)  That  one  **  positive  **  observation  outweighs  a  large  number 
of  **  negative,"  the  latter  word  being  used  in  the  sense  of  **  leading 
to  no  definite  conclusion.**  Let  me  illustrate  this  by  an  example. 
Hup  pose  I  wanted  to  ascertain  whether  an  igneous  rock  were  inter- 
bedded  with  or  intrusive  among  certain  sedimentary  strata*  and 
that  twelve  sections  were  to  be  found.  Suppose  that  in  eleven  of 
these  the  appearances  were  not  inconsistent  with  either  interpre- 
tation, but  that  at  the  twelfth  the  evidence  could  only  lead  to  one 
of  the  two  views.  Clearly  the  absence  of  conclusive  evidence  in  the 
eleven  cases  would  not  affect  the  value  of  the  evidence  in  the 
twelfth. 

The  rides,  in  short,  of  ordinary  reasoning — and  thb  remark  has  a 
wider  application  than  to  the  case  which  I  have  just  mentioned — hold 
in  every  branch  of  science,  and  in  no  one  is  it  more  needful  to  bear 
them  in  mind  than  in  geologj^  where  direct  oxperiraetit  (as  in 
chemistry  and  physics)  is  so  often  impossible,  and  where  we  can 
tievar  attain  to  more  than  a  degree  of  moral  oertainty. 
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With  these  preliminary  remarks,  for  which  I  trust  I  may  be  par- 
doned, as  they  are  the  outcome  of  an  experience  gained  during  some 
eight  years  in  your  service  and  some  fourteen  in  petrological  work', 
I  torn  to  the  special  subject  which  I  intend  to  discuss  briefly  to-day 
— the  dassiflcation  and  structures  of  the  igneous  rocks. 

By  an  igneous  rock  I  mean,  of  course,  one  which  has  been  in  a 
state  of  fusion  through  heat.  This  fusion,  however,  differs  firom 
that  which  has  been  undergone  by  most  roc^  artificially  produced, 
such  as  slags,  because  it  has  always  taken  place  in  the  presence  of 
water  ;  and  forther,  the  material  has  often  solidified,  and  even  crys- 
tallized, not  only  without  the  expulsion  of,  at  any  rate,  all  the 
water,  but  also  under  considerable  pressure.  Probably  the  nearest 
approach  to  solidification  under  conditions  similar  to  that  of  a  slag 
is  given  in  the  case  of  lavas,  immense  volumes  of  steam  being 
generally  disengaged  from  the  fiows  as  they  are  emitted  ftrom  a 
volcano.  I  draw  attention  to  this,  at  the  outset,  because  I  think  it 
possible  that  it  may  prove  to  be  a  matter  of  primary  importance  in 
certain  of  our  investigations. 

We  ought,  however,  before  proceeding  further,  to  glance  at  two 
objections  which  might  be  started  in  limine. 

(1)  That  no  classification  is  possible,  because  nature  has  not 
made  distinctions  ;  she  is  too  protean  to  be  bound  by  our  fetters. 

(2)  That  it  is  impossible  to  draw  a  hard  and  fast  line  between 
igneous  and  sedimentary  rocks,  because  the  former  are  frequentiy 
(mly  the  result  of  metamoiphosis  of  the  latter  carried  to  an  extreme 
decree,  so  that  the  one  series  passes  gradually  into  the  other. 

As  regards  the  former  of  these  objections,  we  may  remark  that 
on  the  assumption  that  igneous  rocks  have  solidified  from  a  state  of 
fusion  (whether  part  of  tibe  original  magma  of  the  earth  or  stratified 
rocks  subsequently  melted),  we  should  anticipate  difftculties  in  dassi- 
ftoation,  and  not  expect  to  find  very  sharply  defined  lines  of  separa- 
tion in  either  chemical  or  mineral  composition.  This  difficulty, 
however,  is  not  confined  to  petrology  ;  the  biologist,  for  instance,  is 
not  deterred  by  the  admitted  difficulty  of  distinguishing  a  species 
from  a  variety,  or  of  deciding  whether  species  have  an  independent 
origin.  Henoe,  for  all  practical  purposes,  species  exist  alike  for  the 
most  thorough-going  evolutionist  and  the  most  confirmed  believer  in 
special  creations.  Classification  is  a  necessity  if  progress  is  to  be 
made ;  distinction  of  things  is  needed  for  distinction  of  thought ;  and 
over  this  difficulty  we  need  not  linger,  for  we  shall  find  that,  prao- 
tieally,  although  intermediate  forms  may  exist,  the  majority  of  rooks 
can  be  grouped  around  certain  types. 

The  second  objection  may  receive  a  like  answer ;  and  I  may  add 
farther,  that  if  we  agree  upon  certain  characteristics  as  denoting  an 
igneous  rock,  the  antecedent  history  of  the  rock  (for  our  special 
purpose)  becomes  immaterial.  For  instance,  I  can  think  of  a  piece 
of  glass  as  an  (artificial)  igneous  rock,  even  though  I  may  have 
formerly  seen  a  crucible  full  of  the  material  from  which  it  has  been 
made. 

There  are,  moreover,  as  it  appears  to  me,  two  rather  considerable 
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difficulties  of  a  general  character  in  this  supposition  of  the  derivative 
eharaeter,  as  I  may  term  it,  of  igneous  rorks*.  The  one,  that 
chemically  and  even  raineralogically  there  is  a  remarkable  identity 
between  igneous  rocks  of  the  most  diverse  geological  ages.  This, 
however,  I  content  myself  with  mentioning,  because  I  can  more 
conveniently  enlarge  upon  it  at  a  later  period.  The  other,  that  the 
chemical  composition  of  the  bulk  of  sedimentai}^  and  of  igneous 
rocks  is  too  diverse  to  admit  of  the  hypothesis  of  derivation  being 
generally  true.  It  is  possible,  I  allow,  to  find  certain  sedimeniar)' 
rocks  which  chemically  are  nearly  identical  with  certain  igneous  ] 
but  to  do  this  we  must  aelcct  oxceptioaal  cases  in  the  one  to 
compare  with  general  instances  in  the  other, — the  most  marked 
difference  bein^  in  the  percentage  of  the  alkaline  constituents,  which 
leads,  as  is  well  known,  to  the  presence  of  such  silicates  as  stauro- 
lite,  andalusite,  cyanite,  and  alumina-garnet,  in  indubitably  metamor- 
phosed sedimentary  rocks,  instead  of  some  members  of  the  felspar 
group.  Further^  the  argument  of  chemical  identity'  holds  only 
among  the  more  acid  of  the  igneous  rocks ;  among  the  sedimentan^ 
it  would  not  bo  easy  to  find  representatives  of  the  doleritea  and 
basalts,  rooks  extremely  abundant  in  nature,  and  almost  hopeless 
to  parallel  the  peridotites,  which  iu  one  form  or  another  are  by  no 
means  rare.  I  glance  only  at  the  corroborative  evidence  of  meteorite®, 
because  I  intend  on  the  present  occasion  to  limit  my  remarks  to 
rocks  of  terrestrial  origin,  though  I  am  quit^3  aware  that  any  system 
of  classification  for  the  latter  must  be  extended  to  the  former. 

The  tendency  to  a  definite  order  of  succession  among  the  igneous 
rocks  which  has  been  remarked  by  many  observers,  appears  t-o  me 
more  favourable  to  the  idea  of  these  rocks  being  inte^^ral  portions 
of  the  inner  part  of  the  earth,  than  to  their  being  the  result  of  the 
local  melting-down  of  scdiraentjarj^  strata.  This  eubjei^t  is  so  full  of 
interest  that  I  would  glatUy  have  discussed  it,  but  the  diflficultiea 
still  inherent  in  it,  and  the  collateral  disquisitions  into  which  it 
would  lead,  prevent  me  on  the  present  occasion.  T  do  not,  indeed, 
think  that  we  can  accept  subdivisions  so  elaborate  as  those  proposed 
by  Kichtbofen,  and  used  by  But  tout  in  his  ingenious  explanation  of 
the  apparent  anomaly  of  b^^salt,  an  easily  fusible  rock,  being  cx)m- 
monly  later  in  date  than  rhy elite  in  a  series  of  eruptions  ;  but 
undoubtedly  we  do  so  fi-equenlly  find  this  general  order — tmdesites, 
aanidine-traehytes  (probably  these  two  will  often  be  intermixed), 
rhyolites,  and  basalt,  and  observe  gabbro  cutting  peridotit-es — that 
these  sequences  can  hardly  be  accidental.  It  may  suffice,  then,  to 
call  attention  to  t-aptain  Dutton's  valuable  dissertation  and  to  two 
papers  by  Mr.  Teall  (which  appeared  just  after  the  reading  of  this 
address)  wherein  this  subject  is  discussed  more  fuHyi. 

*  The  freqyont  oceurirnp©  of  «lmrplv  defliied  jutictionfi  between  igneous  and 
sedinientarj  rorlia  of  vaHoas  kioda,  an^  of  fpagmciits  of  aO  sort*  of  rocks  tn 
the  fonuc?r  wilb  boanflaric*  no  leas  alinrply  denned,  k  to  tiio  ulao  a  rotj  strong 
ar^iiueiit  against  tlie  "  lodtiiig  down'*  hjpotbcwis. 

t  Geology  of  ibo  High  Pljiieau  of  Utnfi,  ck  iii. 

t  GeoL  Mag.  Doc.  3.  vol.  ii.  p.  IW,    Nature,  toL  xal  p.  4M. 
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Further,  the  asserted  passages  between  igneous  and  sedimentary 
rocks  rest  at  present  on  evidence  which,  I  have  ah^ady  stated,  we  are 
justified  in  putting  out  of  court.  They  require  confirmation,  and 
we  know  that  many  instances,  once  confidently  asserted,  have 
broken  down  on  strict  examination*.  Indeed,  I  may  venture  to 
assert  that,  so  far  as  my  experience  goes,  the  difficulties  at  present 
existing  either  are  due  to  obliteration  of  the  original  structure  by 
sabeeqnent  mechanical  or  mineral  change,  or  occur  among  the  very 
earliest  rocks  of  which  we  are  cognizant ;  the  latter  are  not  only 
likely  to  have  undergone  such  changes,  but  also  may  have  been 
formed  under  circumstances  which  have  never  recurred  in  the 
history  of  the  earth.  These,  for  the  present,  I  put  on  one  side, 
bopiog  on  a  future  occasion  to  return  to  them,  and  limit  myself  to 
the  great  body  of  rocks  which  all  admit  to  have  solidified  from  a 
state  of  fusion,  and  to  those  which  (although  field-evidence  may  be 
wanting)  we  may  reasonably  believe,  through  their  dose  structural 
correspondence,  to  have  been  so  formed. 

So  much  controversy,  however,  has  existed  as  to  the  origin  of 
granite,  that  I  shall  venture  a  few  additional  remarks  on  this  subject. 
To  me  it  appears  to  a  very  large  extent  a  dispute  about  the  two 
aides  of  a  shield.  On  the  one  hand,  the  phenomena  exhibited  by 
granite  masses  intrusive  into  other  rocks,  i,  e,  sharply  defined  junctions, 
contact-metamorphism,  the  sending  off  of  dykes  and  veins  which 
gradually  assume  the  structure  of  normal  felsites,  perhaps  even  of 
rhyoUtes,  justify  us  in  asserting  that  granite  canoot  be  separated 
from  the  other  plutonic  rocks  such  as  syenite,  diorite,  and  gabbro. 
At  the  same  time  it  is  true  that  there  are  abnormalities  incom- 
patible (so  far  as  we  know)  with  the  idea  of  dry  fusion,  and  that 
water  is  actually  present  in  numerous  minute  cavities  ;  but  the  same 
i&  true  in  some  of  the  rocks  above  named.  Eurther,  I  do  not 
suppose  that  any  geologist  at  the  present  day  would  assert  that 
perfectly  dry  fusion  is  a  common  thing  in  nature,  if,  indeed,  it  ever 
exists.  Clouds  of  steam  are  discharged  &om  the  craters  of  volcanoes 
and  the  surfaces  of  lava  streams  as  they  flow.  The  latter  by  parting 
thug  with  their  water  will  cool  in  a  manner  more  analogous  to  that 
of  a  furnace-product ;  had  the  same  material  solidified  deep  in  the 
earth,  a  large  portion  of  the  water  at  any  rate  would  not  have  been 

*  With  regard  to  the  alleged  transitions  from  igneous  to  sedimentary 
rocln.  Dr.  Wadsworth,  in  his  recent  *  Lithologioal  Studies '  (a  copy  of  which 
through  the  author's  kindness  reached  me  after  the  greater  part  of  this  address 
vw  written),  uses  language  which,  though  seyere,  is  not  unjustifiable  (p.  12). 
Alter  dwelling  on  the  numerous  cases  where  the  asserted  eyiaence  of  transition 
hu  proved  to  be  either  negatiye  or  exactly  opposed  to  the  hypothesis,  he  con- 
tinufs:—"  Practically,  when  the  existence  of  these  junctions  has  been  shown,  the 
otMerrers  who  had  preyiouily  denied  their  evidence  haye  always  said,  '  That  i» 
Bot  a  typical  locality ;  we  were  not  quite  sure  about  that  place,  but  if  you  will 
fo  to  tuch  and  such  a  locality,'  indicating  some  new  one,  *  you  will  find  an  un- 
wwbted  passage  of  sedimentary  rock  into  eruptiye  forms.*  When  the  new 
locality  is  also  examined  and  the  statements  are  found  to  be  erroneous,  another 
one  is  mentioned,  and  so  on ;  until  one  must  demand  hereafter  of  these  obseryer» 
thst  they  shall  select  some  locality  on  which  they  shall  be  willing  to  fully  and 
fcsUy  stake  their  pet  hypothesis,  and  abide  by  the  eyidence." 
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disengaged,  and  thus  crystallization,  and  previons  fusion  (if  the  rock 
has  not  always  been  molten)  have  taken  place  in  the  presence  of 
water.  Thus  the  controversy  is  either  illogical,  if  restricted  to 
granite,  or  merely  a  verbal  one,  if  extended  to  other  plutonic  rocks. 
But  some  will  assert  that  granite  may  justifiably  be  considered 
alone,  because  many  cases  exist  in  which  a  perfect  passage  can  be 
traced  from  normal  granite  into  normal  gneiss.  As  regards  this 
assertion,  I  repeat  the  remark  already  made,  that  these  cases  are 
less  numerous  than  is  supposed.  I  have  examined  a  good  many 
asserted  cases  of  transitions  from  igneous  to  sedimentary  rocks,  and 
found  that,  as  a  rule,  the  distinction  between  the  two  rocks  was  well 
marked,  and  that  the  generalization  was  the  result  either  of  precon- 
ceived theory  or  of  too  hasty  observation ;  further,  that  precisely 
similar  difficulties  exist  with  syenite  and  dLorite,  though  the  cases 
are  less  numerous,  as  the  rocks  seem  not  quite  so  common  ;  lastly, 
that  those  cases  which  appear  to  favour  the  theory  occur  only  in 
the  case  of  rocks  which  there  is  good  reason  to  believe  are  among 
the  most  ancient  yet  discovered.  These,  as  I  have  said,  I  lay  aside 
for  the  present.  But  in  the  case  of  the  Palaeozoic  and  later  rocks 
it  is  only  rarely,  and  under  circumstances  suggesting  subsequent 
obliteration  of  the  characteristic  structure,  that  I  see  a  difficulty  in 
distinguishing  between  rocks  of  igneous  and  of  non-igneous  origin. 

I  shall  not  then  dwell  further  on  the  question  of  the  origin  of  an 
igneous  rock,  but  I  shall  use  the  term  to  signify  one  that  has  solidi- 
fied from  a  state  of  Vision,  due  to  the  existence  of  an  elevated 
temperature,  whether  we  might  call  this  dry  fusion  or  not. 
Further,  in  my  classification,  I  shall  draw  no  line  of  demarcation 
between  igneous  rocks  of  Tertiary  and  Post-Tertiary  age  and  those  of 
earlier  date  ;  the  reasons  for  this  I  defer,  and  think  myself  justified 
in  so  doing,  because  it  is  one  which  logically  would  not  arise  in  any 
independent  study  of  petrology,  but  would  be  imported  into  it  as 
the  result  of  conclusions  arrived  at  from  other  considerations  not 
entering  into  my  classification. 

Theoretically,  and  probably  also  in  practice,  there  are  at  least 
two  well-marked  physical  conditions  in  which  any  rock  of  a  definite 
chemical  composition  may  occur,  the  hyaline  and  the  holocrystalliue. 
Is  there  an  intermediate  condition  wherein  the  rock,  though  no 
longer  vitreous,  though  exhibiting  some  differentiation  of  consti- 
tuents, has  not  attained  such  complete  individualization  as  to  justify 
the  use  of  the  term  holocrystalliue  ?  I  do  not  allude  to  the  interpo- 
sition in  the  glass  of  a  great  number  of  microliths  of  individualized 
minerals,  although  this  may  offer  obvious  practical  difficulties,  nor  do 
I  refer  to  the  size  of  the  crystals  making  up  the  holocrystalline  rock. 
I  should  deem  the  latter  epithet  properly  applied,  whether  the  cha* 
raoter  was  readily  observed  with  the  unaided  eye,  or  oould  only  be 
seen  under  the  microscope;  but  I  speak  of  cases  in  which  the 
material  appears  to  have  lost  the  usual  property  of  a  colloid,  to  have 
acquired,  around  innumerable  centres,  polarities  in  one  or  more 
diiections,  without  its  being  possible  to  distinguish  with  precision 
what  are  the  minerals  into  which  it  has  segregated ;  where,  in  fact, 
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phenomena  akin  to  those  of  tension  or  compression  appear  to  have 
heen  permanently  impressed  upon  the  mass,  only  in  a  vast  number 
of  directions.  This  question  also  can  best  be  considered  in  a  separate 
ezcorsus.  Suffice  it  to  say  that,  in  the  present  state  of  our  know- 
ledge, it  appears  to  me  convenient  to  admit  the  existence  of  an  inter- 
mediate division,  to  contain  the  rocks  often  called  '^cryptocrystalline'' 
with  some  of  the  ^'  microcrystalline,''  whatever  may  be  the  ultimate 
fate  of  the  division.  We  will  therefore  assume  that  we  may  expect 
to  find  an  igneous  rock  in  either  a  holocrjstalline,  a  hemicrystaUine, 
or  a  hyaline  condition,  admitting  that  the  middle  term  is  perhaps 
rather  incorrect  as  a  symbol  of  facts  and  temporary  in  its  existence. 
The  relative  size  of  the  constituents  in  rocks,  and  their  arrange- 
ments— such  structures  in  short  as  are  designated  by  terms  such  as 
porphyritic.  spherulitic,  fluidal — 1  shall  at  present  regard  as  only 
varietal. 

There  is,  however,  one  question  of  principle  in  nomenclature  to 
which  I  must  briefly  advert.  It  is  whether  we  should  indicate 
distinetions  of  minor  weight  by  conferring  separate  names,  or  by 
the  use  of  qualifying  adjectives — that  it  is  to  say,  whether  in  our 
nomenclature  wo  should  direct  the  mind  chiefly  to  specific  or  generic 
differences.  The  former  is  the  habit  in  mineralogy,  and  it  is  in 
favour  with  some  petrologists.  While  fully  sensible  of  its  advantage 
in  conciseness,  I  believe  it  open  to  grave  objection.  8ome  questions 
of  nomenclature,  those,  for  instance,  of  priority,  are  of  little  value. 
It  is  comparatively  unimportant,  subject  only  to  considerations  of 
euphony  and  orthoepy,  what  we  call  a  rock,  so  long  as  the  name 
expresses  as  definitive  an  idea  as  the  circumstauoes  of  the  case 
permit ;  but  it  is  a  matter  of  great  moment  whether  our  nomenclature 
suggests  or  obscures  relationships  which  exist  in  nature.  Distinction 
is,  indeed,  necessary  for  clearness  of  thought,  and  is  requisite  as  a  first 
step  in  scientific  comparison ;  but  it  is  by  comparison  and  recognition 
of  relationahips  that  all  great  advances  in  morphology  and  in  philo- 
sophic reasoning  are  likely  to  be  made ;  and  it  is,  methinks,  a  matter 
of  no  small  importance  to  keep  clearly  in  view,  in  any  system  of 
nomenclature,  the  underlying  affinities  rather  than  the  superficial 
dissimilarities. 

Our  nomenclature  in  petrology  suffers  in  some  parts,  as  I  shall 
presently  indicate,  from  a  plethora,  in  others  from  a  defect  of  names. 
A  further  difficulty  exists  in  that  there  are  not  a  few  names  which 
have  been  so  vaguely  and  variously  used,  that  it  seems  hopeless 
ever  to  render  their  meaning  fixed  or  precise ;  these  it  would  be 
better,  in  my  opinion,  to  leave  as  admittedly  vague  terms,  indica- 
tive of  imperfect  knowledge.  So  applied,  they  become  valuable. 
Petrology  needs  what  I  may  call  *^  travellers*  terms,"  to  be  employed 
as  a  naturalist  would  use  trivial  or  generic  names,  when  he  either 
had  failed  in  getting  a  good  view  of  a  creature  or  had  not  yet  worked 
oat  the  characteristics  of  a  specimen.  In  this  sense  such  terms  as 
felstone,  greenstone,  even  trap,  are  valuable.  Aphanite,  however,  is 
not  so  good  as  compact  greenstone,  unless  we  can  agree  upon  a 
perfectly  definite  meaning  for  it ;  and  the  same  objection  applies  to 
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melapkyre,  which,  however,  would  he  useful  if  admittedly  left  vague* 
Porphyry  inadmissible  as  a  xagne  U*rm,  but  objection nhle  in  any 
system  of  chissification,  because  of  its  di^'ersity  of  applicatiaus  in  the 
past.  Elvanite  is  a  term  whoMy  bad,  because  it  suggests  iuaccurato 
ideas,  by  affixing  a  Cornish  miner's  trivial  name,  used  even  in  that 
county  in  a  very  inclusive  sense,  to  a  rock  which  is  world-wide  in  ita 
distribution,  Phitonic  and  volcanic  also,  though  useful  for  rough 
divisional  purposes  and  as  general  expressions,  cannot  for  ubvioua 
reasons  be  used  for  exact  clajjisification,  I  mention  these  as  examples, 
the  list  not  being  intended  to  be  exhaustiro. 

As  already  intimated,  I  should  not  regard  the  conspicnous  presence 
in  a  rock,  whether  crjstalline  or  vitreous,  of  one  or  more  minerals 
in  crystals  larger  than  others  as  justifying  the  use  of  anything 
more  than  an  adjective  ;  hence  in  dropping  the  term  ^wrphyry  from 
OUT  classification,  I  should  continue  to  use  the  epithet  porphrfs^ftic 
(notwithstanding  obvious  etymological  objections);  neither  should  I 
signalize  the  presence  of  maoroscopic  cavities,  whether  large  or  small, 
except  by  an  epithet,  or  by  the  employment  of  a  triviai  name  for 
general  purposes  of  description. 

If  the  above  premises  be  admitted,  it  is  evident  that  our  system  of 
classification  must,  so  far  as  regards  the  igneous  rocks  (previously 
limited  by  definition),  rest  upon  chemistry*.  To  a  very  large  ext-ent 
it  will  be  also  mineralogical ;  but  we  must  not  say  wholly  miuera- 
logical,  because  that  science  will  not  enable  us  to  determine  the  exaet 
position  of  a  hyaline  rock,  and,  if  alone  regarded,  may  induce  ua  to 
pay  too  much  regard  to  minerals  which  can  be  sho'svm  to  be  the 
result  of  secondary  actions  after  the  first  consolidation  of  the  rock. 
Igneous  rocks,  wo  must  remember,  like  any  others,  are  liable  to 
metamorphism ;  and  wo  should  try,  as  far  as  ]wssible,  to  separate  in 
our  classification  the  latter  from  those  which  are  eoniparatively 
unchanged.  Kow  it  is  well  known  that,  e^rteris  pnrihu^^  the  more 
basic  a  rock  the  more  readily  it  assumes  a  holocrystalline  condition » 
Natural  glasses  are  rare  and  limited  in  extent  among  the  basic  rocks, 
are  comparatively  common  and  well  developed  among  the  more 
acid,  and  probably  are  largely  represented  among  ancient  rocks, 
which,  strictly  speaking,  c4innot  now  be  called  vitreous. 

Marked  chemical  and  marked  mineralogical  difierenc^s  should, 
then,  W  recognized  primarily  in  any  system  of  nomenclnture.  On 
the  whole  I  am  disposed  to  attach  more  weight  to  the  former  than 
to  the  latter,  because  sometimes  a  marked  mineralogical  diflference, 
for  example  the  substitution  of  hornblende  for  augite,  may  be  the 
result  of  subsequent  change,  which,  however,  it  may  be  difficult  to 
substantiate.  Of  course,  when  such  changes  can  be  proved  to  have 
occTirn>d,  the  rock  should  l>e  removed  from  the  category  of  normal 
igneous,  to  that  of  nutamorphic  igneous. 

*  In  rcfiliN',  of  court»»  our  cUiaaiflcation  d©Hls  iritli  the  aggregate  liishiry  of 
thl»rock,  iU  ontology  as  well  lUi  ito  morphology*  if  (he  plirasea  k»  |K^niiiru»d, 
t»60Atist^  our  liniitfttiori  iu  using  the  epithet  ign<?oii8,  prt^inuea  iin  iDveBtigfitiuu 
into  it«  nrliitions  with  other  rocku,  an  inteatigation  into  its  pdtvloffy  us  well  v 
into  lis  ti/hokfft/. 
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Our  nomenclatore,  then,  after  the  recognition  of  these  essential 
disliDctions,  must  fiirther  acknowledge  the  more  accidental,  viz., 
the  physical  condition  of  the  rock,  whether  hyaline  or  not,  the  re- 
lation of  its  constituents,  and  the  like.  Many  of  these  secondary 
distinctions  I  should  prefer  to  indicate  by  adjectival  affixes,  reserving 
differences  of  names  for  marked  differences  in  chemical  constitution, 
and,  after  that,  of  crystalline  condition.  The  latter,  I  grant,  refers 
rather  to  a  difference  of  environment  than  to  a  difference  in  essence ; 
a  holocrystalline,  a  hemicrystalline,  and  a  hyaline  rock  of  the  same 
chemical  composition  have  quite  as  near  a  relation  one  to  another 
&  the  larva,  pupa,  and  imago  of  an  insect ;  but  the  marked 
diffsrence  in  aspect  and  structure  justify  us,  I  think,  in  a  nominal 
separation.  The  presence  of  an  adventitious  mineral  not  materially 
affecting  the  chemical  composition,  peculiarities  of  structure  or  the 
Hke,  should,  I  think,  be  indicated  by  epithets. 

The  number  of  minerals,  as  is  well  known,  which  enter  into  the 
composition  of  igneous  rocks  frequently  enough  to  entitle  them  to  be 
called  ^  rock-forming,"  is  but  small ;  for  convenience  they  may  be 
grouped  as  follows*. 

I.  Oxides  of  Iron^  6fc, 

Hagnetite,  hsematite,  ilmenite,  chromite  (with  spinel). 

II.  Magnesia^ron  Silicates. 
Olivine,   enstatite    (with   hypersthene),  augite  and  hornblende, 
biotite. 

III.  Alumina-alkaline  Silicates. 
Felspars  (with  nepheline  and  leucite),  muscovite. 

IV.  Free  Silica. 
Quartz. 

From  this  list  such  minerals  as  apatite,  zircon,  titanite,  sodalite, 
noeean,  are  omitted,  though  occasionally  some  of  them  may  be  re- 
garded as  rock-constituents,  because  they  do  not  appear  to  have  any 
very  important  classificatory  significance,  and  some  are  generally 
associated  with  certain  of  the  above  named.  Garnet  also  is  ex- 
cluded, though  occasionally  an  important  rock-constituent,  because, 
as  it  seems  to  me,  we  are  not  yet  in  a  position  to  deal  with  it.  If 
an  original  constituent,  and  not  an  accidental  one,  due  in  some  way 
or  oUier  to  contact-effects,  I  am  disposed  to  regs^  it  as  a  member 

of  No.  m. 

The  igneous  rocks,  then,  as  it  appears  to  me,  fall  naturally  into 
the  following  grouping,  commencing  with  the  most  basic  and  using 
the  existing  nomenclature  as  far  as  possible. 

The  Peridotite  group  consists  of  olivine  with  some  members  of  I. 
and  commonly  some  representatives  of  II.  Its  simplest  holocrys- 
talline representative  is  dunite,  essentially  olivine  and  chromite. 
(I  flhould  apply  the  name  to  the  rock  whatever  representative  of 
Giotq^  L  were  present.)  The  next  marked  variety  is  given  by  the 
*  I  follow  very  nearly  the  aUssification  proposed  by  Bosenbusch. 
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addition  of  an  enstatitic  mineral  *.  For  fcbis  Br.  Wads%vorth  proposes 
tiie  name  s(uvotiUe  f.  Auothor  marked  variety  adda  au^te  or  horn- 
blende ;  to  this  we  may  apply  the  term  IktrzoliU  J,  though  hitherto 
it  haa  been  iimit-ed  to  one  containing  an  augitic  mineral,  hecanac 
I  think  that  here  the  Bubstitntion  of  hornblende  has  no  important 
aignificance.  This  gronp,  then,  consists  of  rocks  containing  little  or 
no  alkaline  constituent,  little  lime  or  alumina,  the  last  named  often 
occurring  in  very  email  quantities,  a  considerable  proportion  of  iron* 
oxide,  and  magnesia  and  ailit'a  in  nearly  equal  proportions,  the  former 
generally  slightly  exceeding  the  latter,  and  each  not  far  from  40 
per  cent,  Hemi crystalline  and  Titreous  rep resent-a tires  of  these 
rocks  arc  extremely  rare.  I  have  never  met  with  one  of  either  in 
my  own  experience,  though  I  should  expect  them  to  occur*  Thua 
no  names  have  been  proposed  for  them.  They  are  largely  repre- 
sented in  past  time  by  the  tnio  serpentines  §,  their  metamorphic 
representatives,  into  which  they  pass  by  insensible  gradations ; 
among  these,  I  have  suspected,  tbough  I  cannot  prove  it,  the 
presence  of  glassy  representatives,  which,  bowever,  are  rare  and 
local. 

The  Pkritc  group  may  be  regarded  as  a  transitional  one,  formed 
by  the  introduction  of  a  small  and  variable  amount  of  felspar,  such 
as  anorthite  or  labradorite  5  the  amount  of  olivine  is  diminished : 
enstatito  and  a  pyroxenic  mineral,  with  biotite,  become  important 
coDstituents.  The  chemical  composition,  as  might  be  expected,  is 
variable,  hut  the  percentage  of  siHca  is  slightly  greater  than  in  the 
last  group,  though  generally  not  more  than  45.  Magnesia,  though 
still  one  of  the  two  dominant  constituents,  is  present  in  an  amount 
distinctly  less  than  tbe  silica,  commonly  from  about  17  to  27  per 
cent.  Alumina  is  always  present,  sometimes  in  considerable 
quantities,  with  alkaline  constituents  ;  hut  chrome  and  nickel,  which 
are  generally  detected  in  tbo  normal  peridotites,  are  now  often 
absent.  These  rocks,  so  far  as  vre  at  present  know,  are  generally 
ancient,  and  often  more  or  less  altered  ||  ;  but  I  tbink  the  name 

♦  I  will  u»e  thU  term  ftjr  brevity  to  include  either  enetatite,  broniite,  or 
hypersLliene.  Tiiineratit  very  closelv  relatedi  if  not  variettes  of  one  apedes. 
t  Lilhologicttl  Studi*w»  pp.  84^193. 

I  Br.  \^'fta8Worth  proposea  {he.  cit  p.  lOo)  to  limit  tlie  term  Iherzdite  to 
the  varifty  with  diatlage,  and  call  thiit  with  uiigite  hiuhneriU,  appl) ing  to  a 
variety  wilb  diiillftge  anti  without  enstalite  the  na.m&  euli/itifc.  I  cloubt,  how- 
ever,  the  poftsibiliiy  uf  separating  the  ^»t  and  second.  Eulysidf  also  hju» 
hitherto  been  iipptied  to  n  garnet-bearing  perid otic  rock* 

§  I  am,  of  cotirN?,  well  aware  tbat  this  etfitement  has  be«i  disnutod^  but 
tiave  more  than  om*e  given  my  re n sons  for  it,  bo  need  not  repeat  tlietn.  On 
the  prineiplea  of  rmeotiing  which  1  have  endcavonrefi  \o  estabfiah  above,  I  am 
unnble  10  uiiderstaiid  how  tb«  derivation  of  a  trae serpentine,  t.  e.  that  of  which 
tht!  Liiard.  serppiiline  is  a  type»  froin  a  peridotite^  or  the  igneous  nature  of  the 
latter  rock  c£\i\  lie  dotibted* 

II  The  eerpentinouH  rock  of  Duporth  (Cornwull),  for  which  the  name  Dapor- 
tbite  bus  been  necdleshlv  proposed,  appears  to  be  fl  nseniber  of  the  pierit© 
^roiip.  ^Ittuy  of  tlio  picritea  certiiiulj  hang  on  very  eloeely  to  tlie  dolerite 
group  (deaerihed  hereafter)^  nnd  can  be  seen  to  graduate  into  representatives 
of  it. 
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pierite  preferable  to  that  of  paUxopicrite^  which  has  been  given 
by  many  authors.  To  this  group  probably  the  eulysites  of  some 
authors  (garnet-bearing  peridotites)  should  be  referred,  and  Urn- 
buryiu  would  represent  the  hyaline  form.  I  am  not  aware  that  a 
hemicrystalline  form  has  been  recognized,  certainly  it  has  not  been 
named. 

As  subgroups  or  intermediaries  between  this  last  group  and  the 
next  great  one,  we  may  regard  the  iwrites  or  hyperites^  composed 
chiefly  of  a  plagioclase  felspar  (anorthite  or  labradorite),  with  an 
eustatitic  mineral  and  perhaps  a  pyroxenic ;  the  cor  sites  ^  anorthite 
hornblende  rocks  (perhaps  we  might  use  eucrite  for  the  anorthite 
augito) ;  and  the  troktolites,  containing  the  same  felspar  with  olivine 
and  but  little  of  a  pyroxenic  mineral.  It  is  perhaps  well  to  retain  these 
names,  but  it  must  be  remembered  that  they  have  hardly  a  generic 
value.  It  may  here  be  worth  while  to  call  attention  to  the  fact 
that  many  of  the  so-called  hypersthene  rocks,  e,  g,  the  gabbros  of 
Skye,  and  of  Carrock  Fell  (Cumberland),  either  do  not  contain  hyper- 
sthene, or  have  it  only  as  a  very  rare  accessory,  while  in  others 
it  is  not  more  conspicuous  than  a  pyroxenic  constituent,  so  that 
there  is  no  valid  reason  for  calling  them  more  than  hypersthene 
(or  enstatite)  dolerites  or  gabbros. 

We  come  then  next  in  order  to  a  most  important  group,  that 
which  contains,  as  constituents,  a  plagioclase  felspar,  commonly 
labradorite,  a  pyroxenic  constituent,  usually  augite  (or  occasionally 
diallage),  and  often  olivine*.  To  this  group  many  names  have 
been  given,  and  various  subdivisions  of  it  have  been  proposed.  Some 
authors  extend  it  so  far  as  to  include  rocks  in  which  either  nepheline 
or  leucite  replace  the  felspar,  calling  them  respectively  nepheline- 
dolerites,  &c,  or  leucite-dolerites,  &c. ;  some  distinguish  those  in 
which  olivine  is  present  from  those  from  which  it  is  absent.  For 
myself,  while  fuUy  admitting  the  relationship  of  each  of  the  former 
pair  to  the  normal  dolerites,  and  the  frequent  existence  of  interme- 
diate forms,  I  think  that  the  marked  chemical  differences  (in  the 
large  percentage  of  alkalies)  justify  us  in  separating  them  from  the 
felspar-dolerite  and  in  retaining  the  old  names,  nephelinite  and 
UucitUe,  Some,  again,  using  geological  age  as  a  distinction,  apply 
the  name  diabase  to  a  rock  if  it  is  Pre-Tertiary,  and  dolerite,  if  of 
later  age ;  this,  of  course  I  could  not  accept,  but  should  propose  to 
give  the  former  name  to  dolerite  in  which  marked  alteration,  sub- 
sequent to  the  original  consolidation,  has  taken  place.  Others, 
again,  apply  the  name  gabbro  to  coarse-grained  varieties  in  which 
^  pyroxenic  n^neral  is  wholly  or  chiefly  diallage.  There  is  much 
eoQTenience  in  the  use  of  this  term  for  a  variety  often  so  well  marked 
in  the  field ;  but  there  is  at  present  doubt  as  to  the  dassificatory 
Talue  of  diallage,  some  authors  of  great  weight  regarding  it  as 
really  an  altered  condition  of  augite.  Provisionally,  however,  we 
may  retain  it,  remembering  that  it  may  be  logically  indefensible.    As, 

*  I  shall,  for  brevity,  not  agftin  r^fer  to  the  presence  of  a  member  of 
Bivinon  I.,  because  some  oxide  of  iron,  magnetite,  haematite,  or  ilmenite  is  to  be 
found  in  every  rock,  though  usually  more  abuudsmtly  in  the  more  basic. 

TOL.XU.  h  ^  , 
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however,  luaiiy  |?abbrori  hiive  undergone  niucli  alteration^  the  ft^l^par 
being  changed  into  a  Buiifisiiriiic  miueral,  thti  diiilhige  into  some 
form  of  hornblende,  it  would  he  well  to  re&tiict  the  terra  ctiphotidr 
to  these.  A^ain  some  authors*  use  the  terms  ditlerite,  aBaraeHiti^,  and 
basalt  for  rocke  which,  chemieally  identical,  and  all  holocrystaUine, 
ditfer  in  the  coarseness  or  tineness  of  their  grains,  so  thai  the  last 
term  is  applied  to  a  rock  which  either  may  he  holocrystaUine  or 
may  retain  a  gltujsy  bano.  It  wotikl  be  conveniejU,  then,  to  re^^trict 
the  term  dohrtu  to  the  holocryetolline  variety,  using  the  epithet 
coarse-grained  or  tine-grained  as  the  caao  may  be  ;  to  apply  the  nnine 
ttnamesiU  to  the  hemierystaUine  varietieB  (very  few  and  local,  I 
Hiispect) ;  and  to  include  in  the  term  bajsttk  all  that  retain  a  gla-isy 
bafiCi  1.  t.  the  magma-basal ta  and  glaaa -basalts  of  some  authors. 
It  may  be  found  eonvement  to  use  the  name  magma-basalt  {iis  does 
Bofick5)  for  those  in  the  base  of  which  the  felspar  remjiins  iinindi- 
^-idualiied.  The  name  imhtfhjte  bjia  been  applied  (as  ia  well  known) 
to  varieties  where  almost  the  whole  materiid  remains  in  the  toxin  of 
glass,  and  the  term  may  be  conveniently  retained,  if  we  remember 
that  it  is  only  a  marked  variety  of  the  glasa-basalt  division. 

Two  rather  limited  groups  of  uncertain  position  come  next  in 
ortier,  the  ^thofmlkes  and  the  ttphrites.  The  former  group  is  essen- 
tially chai'acterized  by  the  presence  of  nepheline  and  of  fekpar, 
which  is  commonly,  in  part  at  least,  orthoclaae,  the  latter  by  lencita 
and  felspar  (more  commonly  plagioclase);  but  there  are  several 
accessories  and  many  yarietiea,  as  may  be  seen  from  an  examination 
of  Boficky's  divisions  of  the  former  group  alrme.  It  also  is  cue 
whose  nomencluturo  is  in  great  coufiision.  Among  the  ohier  mem- 
bers we  have  zirkon-syenite,  elffiolite-syenite,  nepheline-syenite, 
foyaite,  ditroite,  miascita,  while  the  one  term  phonolite  covers 
all  VEirieties,  whether  liolocrystalline  or  not,  among  the  more  modern. 

The  group  being,  to  a  largo  oxtcjit,  a  transiitional  one,  differing 
from  that  last  in  order  by  a  higher  percentage  of  silica  and  of 
alkalies,  and  a  lower  pereentagc  of  lime  and  magne!*ia,  we  can 
hardly  hope  to  secure  very  marked  type-formif ;  but  perhaps  the  name 
foyaite  might  suffice  as  a  specific  terra  for  the  holocrystaUine 
varieties  ;  while  in  the  case  where  the  eharactcristic  mineral  is  very 
distinctly  the  variety  elieolite  rather  than  nepheline  (which  does  not 
appear  to  be  the  case  with  all  foyaites)>  we  might  prefix  the  term 
ela?olite»  We  tihould  thus  have  as  varieties  el aeolite- foyaite,  noficau- 
foyaite,  &e»  It  w^ill,  however,  be  a  subject  for  consideration 
whether  it  may  not  he  desirable,  after  the  analog}-  of  tbe  groups 
which  follow,  to  divide  those  in  which  a  plagioelase  fekpar  pre- 
dominates, from  those  in  which  the  felspar  is  eliietly  orthoclase  ; 
but  as  my  opportunities  of  studying  this  group  have  been  rather 
limited,  I  will  not  venture  an  opinion  on  this  point.  Of  the 
tephritje  group  1  must  speak  yet  more  guardedly;  for  although  I 
pojfsesa  specimens,  I  have  not  had  the  opportunity  of  paying  much 
attention  t*»  the  nick.  The  namcj  however.  i«  convenient  to  denote 
plagioclase-leucite  rcaks,  and  should  he  ajipru^d  to  rocks  in  which  the 
former  mineral  predominates,  and  the  percentage  of  silica  is  high«;r 
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than  in  the  leudtite  group  and  the  forms  interroediale  between  it 
and  the  dolerite  groap.  An  examination  of  a  table  of  the  chemical 
eomposition  of  minerals  shows  that  with  a  high  percentage  of  alumina 
compared  with  the  silica,  we  shall  obtain  anorthite  in  rocks  rich  in 
lime  and  poor  in  alkalies ;  labradorite  with  a  lower  percentage  of 
lime,  and  a  moderate  proportion  of  alkalies  (chiefly  soda) ;  nepheline 
with  a  higher  percentage  of  alkalies,  soda  still  predominating ;  and 
leucite  with  an  exceptionally  high  percentage  of  potash. 

The  next  two  groups  contain  a  higher  proportion  of  silica, 
rarely  less  and  often  more  than  60  per  cent.  Normally  they  may 
be  defined  as  febpar  with  hornblende,  though  in  certain  divisions 
aagite  more  commonly  replaces  the  latter ;  biotite  is  not  unfrequent, 
sometimes  dominant  over  the  pyroxenic  mineral;  at  times  hyper- 
sthene  is  an  important  accessory,  taking  the  place  of  the  unisilicate 
olivine  among  the  (more  basic)  dolerites.  Although  transitional  forms 
may  be  found  between  these  groups,  it  is  convenient  to  designate 
the  more  typical  representatives  by  different  names ;  thus  the  ortho- 
clase-hom blende  group  may  be  called,  after  the  holocrystalline 
fimn,  the  syenites,  the  plagioclase-homblende  group,  the  dioriies. 
Hemicrystailine  and  glassy  forms  oi  both  are  common,  but  it  is  by 
no  means  easy,  especially  in  the  case  of  the  latter,  to  separate  them 
without  chemical  analysis,  though  the  character  of  any  individua- 
lized felspar  or}  stab  b  often  a  great  help.  I  may  remark,  however, 
that  not  a  few  of  the  so-called  hemicrystailine  forms  are  in  reality 
holocrystalline,  though  very  fine-grained,  and  others  can  almost  be 
proved  to  have  assumed  a  hemicrystailine  structure  by  secondary 
processes,  so  that  in  reality  they  should  be  placed  in  the  meta- 
morphic  division ;  but  leaving  that  distinction  to  await  the  results 
of  farther  study,  we  may  recognize  the  following  divbions  of 
the  syenite  group : — holocrystalline ;  orthoclase  +  hornblende  =» 
nfeniU;  if  mica  replaces  the  hornblende  wholly  or  to  a  marked 
extent,  tme4P-9yenite ;  if  augite = augite-stfeniU,  To  the  last  rock,  by 
no  means  a  typical  member  of  the  group,  as  it  contains  much  plagio- 
clase  felspar,  the  name  monzonite  has  been  given.  The  hemi- 
erystalUne  division  contains  a  considerable  number  of  the  rocks 
macroscopically  grouped  as  febtones.  By  many  authors  they  are 
called  orthoclase-porphyries ;  but  the  name  porph3rry,  as  I  have 
Btated«  being  objectionable,  and  a  binary  term  for  a  group  being 
twkward,  I  should  prefer  to  call  them  feUites.  Then  those  in 
which  orthoclase  or  any  other  mineral  was  conspicuously  present 
might  be  called  orthoclase-febites,  hornblende- febites,  mica-fcbites, 
or  the  like.  Hyaline  forms  are  now  becoming  abundant,  though 
commonly  the  glassy  base  contains  a  large  number  of  individualized 
minerab.  These  are  generally  named  saniduie'trachi/tes ;  but  as 
the  term  trachyte  b  used  ^kefeUione  for  grouping  in  the  field,  its 
QM  in  this  more  limited  and  strictly  definite  sense  is  objectionable, 
«nd,as  before,  the  compound  term  is  awkward.  It  b  no  part  of  my 
pTMent  purpose  to  attempt  to  coin  new  names,  so  I  content  myself 
^th  expressing  a  hope  in  thb  and  like  cases  that  a  geological 
ingress  will  gome  day  invent  and  authorize  one  ;  till  then  I  must 
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continue  to  use  that  wMch  exists,  though  under  protest.  Wholly 
glassy  forms  douhtless  exist,  though  prohably  not  very  abundantly  ; 
hut  it  is  sometimes  difficult  to  distinguish  these  among  the  pitclt- 
stones  and  obsidians,  of  which  the  majority  belong  to  rocks  with 
a  higher  percentage  of  silica. 

In  the  dioriU  group  a  considerable  portion  of  the  plagioclase 
ft4flpar  belongs  to  one  of  those  which  contain  a  higher  proportiou  of 
silica  than  labradorite,  though  that  felspar  is  often  present,  and  some 
die^tinguish  a  subgroup  the  labrador-diorites.  In  this  case,  however, 
much  care  will  be  needed  to  see  that  we  are  not  really  dealing  with 
a  member  of  the  dolaite  group,  where  the  augite,  by  paramorphic  or 
other  change,  has  been  altered  into  hornblende.  As  in  the  ease  of 
the  »t/fnite.s^  we  have,  then,  in  the  holo crystalline  division,  dionte, 
mica-fHotnie,  and  atu/iie-dhnte^  the  last  being  of  rare  occurrence.  For 
the  hemicrysfeallino  division  there  fleema  to  be  a  general  concurrence 
in  favour  of  adopting  the  term  porpTttfrite^  which  we  can  subdivide  as 
in  the  case  of  fclsifce  ;  and  for  the  hj  aline  we  have  the  term  amlfsite^ 
which  division  is  separable  into  the  hornhlt'nde'aiHlesttes  and  the 
mt/fite-andrsiifs,  the  latter  mineral  occurring  more  frequently 
is  these  than  in  the  porphjritm.  In  these,  and  especially  in  the 
latter,  hypers  then  e  baa  recently  been  frequently  detected  iu  con- 
siderable qnantiticB,  so  that  its  presence  requires  to  be  noted  by  a 
prefix.  Mica  is  not  unfretjuent.  It  is  evident  that  the  augitc' 
andmlks  form  a  link  with  the  basalts,  and  the  hypcrstheniferons 
nrnfitc-mide^heg  ^-^^tiyK^h  the  nonf€8\  to  one  or  the  other  mauy  of 
the  rocks  called  nielaphyrcs  really  belong.  WhoDy  glassy  fgrms  no 
doubt  exist,  as  in  the  last  group. 

As  a  small  outlying  group  from  the  syenitea  we  have  the  minette*^ 
which  may  be  regarded  as  extreme  forms  of  the  mica-syenites,  being 
composed  chiody  of  orthodase  and  mica  (rommonl)'  biotite),  and  the 
kersftntites,  extreme  forms  of  the  mica-dio rites.  Of  bolh  groups 
h em i crystalline  forms,  as  well  as  those  yvith  a  glassy  hnse^  exist ;  but 
distinctive  names  have  not  generally  been  assigned  to  them.  As  a 
rule,  they  contain  a  slightly  lower  percentage  cjf  silica  than  the 
normal  syenites  and  dioritea.  They  occur  also,  so  far  as  I  know,  in 
masses  of  very  limited  extent,  mostly  dykes  and  reins,  and  are 
commonly,  though  not  universaUy,  of  Fre-Mesozoic  age. 

We  arrive  now  at  the  concluding  pair  of  groups,  which  differ 
from  the  last  described  in  these  respect-s :— quartz  is  present  as  an 
essential  constituent,  and  nor  as  an  accessory ;  in  the  orthoclase 
group  mica  is  much  more  common  than  hornblende;  and  mns- 
covite,  or  a  light-coloured  mica  of  some  kind,  w^hich  has  hitherto 
been  rare  even  as  an  accessor}-,  becomes  sometimes  an  important 
constituent.  As  before,  transitional  forms  between  the  two  groups 
exist,  and  probably  a  plagioclase  felspar  is  never  wholly  absent 
from  the  orthoclase  group.  That,  however,  may  l>o  defined,  when 
holocrystalline,  as  essentially  consisting  of  quartz, -f  orthoclase + mica, 
and  is  the  familiar  ^prtnitr.  Borne  have  proposed  to  restrict  this 
name  to  those  varieties  where  the  mica  is  muscovite,  and  to  call 
those  with  biotite  by   the  name  t/rtiftifiic;   the  nnmo  j^e^nutiiU  i* 
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usefol  for  varieties  exceedingly  poor  in  muscovite.  Afc  present  we 
tru  obliged  to  designate  the  hemicrystalline  members  quartz^ 
porphj/ry  or  quariz-feUite  (I  would  call  these  dvanite,  were  not 
the  name  so  radically  bad,  or  euriie,  had  not  that  term,  in  sym- 
pathy with  its  etymology,  been  used  vaguely) ;  here  also  we  wait 
for  a  name*.  Hyaline  forms,  as  might  be  expected,  are  more 
common  than  ever ;  those  in  which  individualized  constituents 
(commonly  microlithic  felspars)  abound  are  called  indifferently 
quam-trachyU9^  lipariUs,  and  rhy elites j  though  the  last  term  is 
generally  applied  to  more  compact  and  so  less  rough  (or  less 
tnuhytie)  varieties.  The  first  term  is  open  to  the  objection  already 
stated ;  the  second  to  this,  that  the  rock  abounds  at  many  places 
besides  the  Lipari  Islands ;  while  the  third  perhaps  indicates  too 
distinctly  the  appearance  of  having  once  flowed.  If,  however, 
it  were  agreed  to  use  trachytic  as  an  adjective,  and  call  trachytic 
rhyoliut  file  rocks  usually  named  quartz-trachyUSy  the  difficulty 
would  to  some  extent  be  avoided.  At  present  the  most  glassy 
members  of  this  and  the  next  group  receive  the  names  of  pitch- 
*tone  and  obsidian,  the  former  name  being  applied  to  rocks 
with  a  resinous  lustre,  due  probably  to  individuaiization  of  ex- 
tremely minute  microliths,  and  the  latter  to  the  most  perfect 
glasses,  which  also  have  a  more  distinct  conchoidal  fracture,  that  of 
the  pitchstonee  often  being  splintery. 

In  the  second  group  the  name  quartz-diarite  is  commonly  applied 
to  the  holocrystalline  members,  which  may  be  defined  as  quartz + 
plagioclase+ hornblende  (biotite  being  here  decidedly  less  common 
than  in  the  other) ;  but  I  think  the  name  tonalite  greatly  preferable, 
for  as  this  rock  appears  to  be  far  less  common  than  granite^  it  may 
be  allowable  to  use  the  name  of  a  locality  where  it  occurs  in  a  huge 
and  very  typical  mass.  For  marked  varieties  we  should  have  the 
names  mica-tonalite  and  augite-4onalite^  the  latter  probably  being 
▼ery  rare.  For  the  hemicrystalline  division  we  have  at  present  no 
other  name  than  quartz^orphyrite ;  but  for  the  hyaline  division, 
corresponding  with  the  quartz-trachytes,  we  have  fortunately  the 
name  dacite.  Of  the  most  glassy  varieties  I  have  already  spoken. 
It  may  be  remarked  that  free  quartz  appears  to  be  less  common 
with  the  plagiodase  felspars  than  with  orthoclase,  perhaps  because 
albite  contains  a  higher  percentage  of  silica  than  orthoclase. 
Extremely  glassy  forms  also  may  prove  to  be  rarer  in  this  case, 
because,  as  I  am  informed,  a  soda-glass  is  more  liable  to  set  up 
crystallization  than  a  potash-glass. 

From  the  above  remarks  it  will  appear,  not  only  that  our  nomen- 
clature is  at  present  in  much  confusion,  due  in  part  to  the  want  of 
any  definite  principles,  but  also  that  the  inherent  difficulties  are 
considerable,  owing  to  the  existence  of  transitional  forms.  At  the 
same  time  I  believe  that  there  is  sufficient  predominance  of  what  I 

*  Oranophyre  has  been  proposed  br  some  distinguished  German  authors ; 
^  this  term  has  been  used  in  more  than  one  sense.  In  fact,  as  will  appear 
fitim  the  latter  part  of  this  address,  I  belieye  the  subgroup  will  have  to  be 
'••Tinged,  because  its  structure  is  often  of  secondary  origin. 
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may  call  type-forms  to  justify  us  in  the  assumption  of  the  existence 
of  species  for  purposes  of  classification,  and  I  trust  that  I  have 
indicated  a  natural  and  logical  principle  on  which  to  proceed.  The 
relations,  then,  of  the  groups  may  be  expressed  graphicaUy  in  the 
annexed  diagram. 


In  the  above  sketch  of  what  appears  to  me  a  natural  system  of 
classification,  I  take  no  notice,  as  above  stated,  of  the  geological  age 
of  the  rock,  which  is  regarded  as  of  priihary  importance  by  many 
continental  investigators,  who  consider  Pre-Tertiary  igneons  rocks 
always  separable  from  those  of  later  date.     For  this4istinction  I 
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have  never  been  able  to  find  any  solid  ground,  and  will  briefly  indi- 
cate the  reasons  why  I  venture  to  dissent  from  several  eminent 
authorities.  At  the  outset,  we  naturally  feel  some  surprise  that  the 
commencement  of  the  Tertiary  period  should  coincide  with  so 
marked  an  epoch  of  change  in  the  history  of  petrology,  so  that  the 
igneous  rocks,  like  the  mammalia,  should  be  en  pleine  ivoltUion  after 
Uie  dose  of  the  Secondary  period.  But  we  may  further  ask.  Was 
there  any  long  pause,  any  universally  definable  limit,  between  the 
two  periods  ?  Did  the  curtain  fall  for  an  interval  between  two  acts 
of  the  drama  of  life  played  on  the  world's  stage?  Granted  that 
Tertiary  can  be  sharply  defined  from  Secondary  in  Britain,  or  even  in 
parts  of  Europe,  can  that  line  be  drawn  everywhere?  Palajontolo- 
gists,  geologists  in  general,  will,  I  think,  accord  in  returning  us  a 
negative  answer.  Still,  admitting  the  impossibility  of  adopting  any 
very  hard  and  fast  line,  there  is  yet  a  possibility  that  a  certain 
^  evolution "'  may  exist  among  the  inorganic  products  of  the  earth, 
and  that  the  older  may  be  distinguishable  from  the  newer  rocks. 
Let  us  then  inquire  how  far  this  idea  is  in  accordance  with  facts. 

The  older  rocks,  of  course,  are  more  likely  to  have  undergone 
mineral  changes  during  the  vicissitudes  of  their  longer  history.  The 
less  stable  minerals  will  have  disappeared,  and  their  constituents  will 
be  represented  in  more  stable  forms.  Olivine  will  have  been  changed 
into  serpentine  and  iron  peroxide :  angite  and  diallage  into  some 
fonn  of  hornblende,  or  all  these  will  have  been  replaced  by  viridit-e 
or  chloritic  minerals :  felspars  Mrill  have  been  replaced  by  zeolites  or 
other  alteration-products ;  their  materials  may  have  been  employed  in 
the  composition  of  tourmaline  and  epidote,  and  the  like.  If  the  rock 
has  had  a  glassy  matrix,  this  may  have  been  devitrified.  In  short, 
an  ancient  rock,  like  a  living  creature,  can  hardly  fail  to  exhibit 
signs  of  old  age.  Thus  we  naturally  expect  to  find  such  rocks  as 
serpentine  and  diabase  among  the  older  formations,  and  should 
hai^y  expect  that  a  Pre-Cambrian  or  an  Ordovician  lava  would  be 
absolutely  identical  with  one  emitted  during  the  latest  geological 
epoch.  Further,  as  we  hold  that  the  more  coarsely  crj^stalline  rocks, 
especially  when  members  of  the  more  acid  division,  have  solidified 
beneath  the  pressure  of  superincumbent  rock-masses,  we  should 
expect  such  rocks  as  granite  to  be  usually  of  ancient  date,  not  be- 
cause a  modem  granite  may  not  exist  underground,  but  because  it  has 
not  yet  been  exposed  to  view  by  denudation.  It  must,  however,  be 
remembered  that  there  seems  no  reason  to  doubt  the  Tertiary  age  of 
some  of  the  granite  of  the  Inner  Hebrides ;  certain  Alpine  granites  also 
seem  to  me  to  be  most  probably  Post-Secondary ;  at  any  rate  I  have 
seen  in  the  West-central  Alps  perfectly  typical  granite  cutting  Lower 
Cretaceous  strata,  and  I  know  of  no  indications  of  disturbances  in 
that  region  until  the  Tertiary  period  had  begun.  Tertiary  granite 
is  also  said  to  exist  in  the  island  of  Jamaica.  Some  of  the  Carbo- 
niferous basall«  of  Scotland  are  admitted  to  be  undistinguishable 
from  those  of  Miocene  age ;  most  of  them  only  differ  by  reason  of 
subsequent  mineral  change.  Restore  the  rock  (and  that  it  can  be 
restored  admits,  I  think,  of  no  reasonable  doubt)  to  its  original  con- 
dition, and  your  diabase  resumes  its  place  in  the  ranks  of  the  '^^^'W^qIp 

igi  ize      y  ^ 


dolerites.  Notwithstanding  what  has  boon  written  of  lat^?,  I  ciin- 
not  admit  that  somo  of  fhe  altered  peridutit^s  and  the  serpentines  of 
the  Apenninee  arc  other  than  intnislve,  if  not  in  Eocene,  at  any  rate 
in  the  laXmi  Cretaceous  strata,  and  thus,  aa  deep-seated  intrusions, 
cannot  be  in  any  case  older  than  the  earliest  part  of  the  Tertiary* 
Yet  these  are  undistinguishable  in  all  essential  characters  from 
olivine  rocks  and  serpentine,  which  would  generally  be  re^jarded  as 
PalaeosKJic  or,  in  some  eases,  Mesozoic.  At  our  last  meeting  Professor 
Jndd  told  us  of  Tertiary  peridotites,  pierites,  and  gahbros  in  the  He- 
brides not  to  Im?  distinguished  from  similar  rocks  of  far  earlier  dates. 
Indeed  some  authors  have  been  so  impressed  with  their  ancient 
aspect  as  to  insist  on  classing  these  gabbros  with  the  norites  of  the 
Upper  Laurent! an. 

We  find  yet  stronger  instances  of  similarity  among  the  andesites 
and  rhyolites.  Mr.  Teall*,  in  Ms  excellent  papers  on  the  Cheviot 
rocks,  has  shown  that,  except  for  alterations  which  can  only  be 
attributed  to  the  effect  of  time,  some  of  the  porpbyritea  of  that  region 
are  chemically  and  mineralogically  undistingnishable  from  the  hyjjcr- 
stheniferona  andesites  of  Tertiary  or  yet  more  recent  age.  Mr*  S. 
Allport  baa  shown  that  the  de vitrified  perlitic  rock  of  the  Wrekin, 
which  is  indubitably  older  than  the  Lmj^^iila  Flags,  and  in  all  proba* 
bility  is  one  of  the  later  Pre-Cambrian  lavas,  is  as  nearly  as  possible 
identical,  chemically,  mineralogically,  and  s true fcn rally  (except  for 
devitrification)  with  the  perlitic  obaidian  of  Hlinik,  near  Scbemnitz, 
and  corresponds  verj'  closely  with  another  Poat-Secondary  obsidian 
from  Hungary,  The  red  febito,  which  in  North  Wales  is  found 
below  the  base  of  the  Cambrian  series,  exliibita  in  some  localities  a 
fluid al  structure,  and  every  indication  of  having  once  been  a  true 
glass,  and  is  chemically  identical  with  the  above  rock  from  Schcmnitz; 
while  several  of  the  lavas  of  the  Ordovician  series  in  Wales,  as  has 
been  pointed  out  by  Mr,  Rutley  and  myself^  arc,  except  in  this 
one  regard  of  devitrification,  not  to  be  distinguished  chemically  or 
microscopically  from  recent  rhyolites,  exhibiting  fiuidal  or  perlitic 
or  spherulitic  structures.  I  have  never  been  able  to  satisfy  myself 
as  to  the  distinction,  insisted  on  for  some  time,  between  propylites 
and  andesites,  and  I  find  that  this  is  now  repudiated  by  some  of  the 
best  American  petrolo^ists.  In  like  manner  there  was  no  reason 
for  coining  the  barbarons  term  fehi^doleritr  for  the  reception  of  some 
of  the  lavas  of  the  Lake-di.strict.  Chemic^ly,  the  majority  are  typi- 
cal andesites,  a  few  are  l)asQlta  rich  in  glass,  very  similar  to  those  of 
Tertiary  age,  and  there  are  no  other  differences  than  such  as  are  pro- 
duced by  lapse  of  time.  In  short,  after  a  fairly  exhaustive  study  of 
**  felstones  '*  and  ^'^  trachytes  '*  I  may  say  that  I  am  unable  to  recognize 
any  distinctions  Ih?! ween  the  more  ancient  and  the  more  modem,  be- 
sides those  due  to  subseijuent  change,  and  that  it  is  no  more  possible 
to  connect  these  with  any  single  epoch  in  geologj-  than  grey  hair  in 
the  human  subject  with  any  one  year  of  life. 

The  strongest  arguments  in  favour  of  the  division  have  been 
derived  from  the  **  mica-traps,'"  the  nepheline  and  the  lencite  rocks. 
*  Geol.  Majet,  Dec.  2,  vol.  i. 
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all,  it  will  be  noted,  rather  rare  and  exceptional  rooks.  The  first,  it  is 
true,  for  long  time  appeared  to  be  universally  of  FalsBoxoic  age,  and  in 
England  it  is  only  lately  that  (in  Devonshire)  they  have  been  found 
to  cut  rocks  80  late  as  Carboniferous ;  but  M.  Barrels  has  described 
kersantites*,  which,  in  lus  opinion,  are  certainly  Post-Cretaceous,  and 
most  probably  Post-Eocene.  The  majority  of  the  nepheline  rocks  aro 
Post-Secondary.  I  am  not  aware  that  any  nepheline-basalts  have 
as  yet  been  identified  prior  to  the  Tertiary  period,  but  although 
many  phonolites  also  belong  to  the  latter,  representatires  of  this 
group  of  earlier  date  are  by  no  means  wanting.  I  will  not  press 
the  case  of  those  remarkable  masses  of  nepheline  rocks  which  break 
through  Silurian  limestones  and  so  strangely  interrupt  the  level  plane 
of  the  St.  Lawrence  Valley  in  the  district  near  Montreal,  although  the 
opinion  of  Canadian  geologists  is  in  favour  of  their  antiquity,  be- 
cause I  am  not  aware  that  there  is  any  actual  proof  of  their  age ; 
but  I  may  remark  that  the  nepheline-syenite,  which  one  would 
naturally,  from  its  appearance,  class  with  the  Pre-Tertiary  representa- 
tives of  this  group,  contains  perfectly  tjrpical  nepheline ;  while  some 
of  the  phonolites  closely  resemble  European  phonolites  of  Tertiary 
age.  For  a  like  reason  I  abstain  from  quoting  the  Wolf  Bock  of 
Cornwall,  and  even  the  liebenerite-porph3rries  of  the  Fassa  Thai, 
although  I  think  that  the  latter  cannot  well  be  later  than  some  part 
of  the  Mesozoic  period.  But  in  any  case  I  am  unable  to  recognize 
more  than  a  varietal  difference  in  the  so-called  elaeolite-syenites,  or 
any  real  distinction  between  the  nepheline  which  occurs  in  the 
foyaite  of  Portugal,  considered  by  Dr.  Sheibner  to  belong  to  the  more 
ancient  eruptive  series,  and  that  in  sundry  rocks  of  Tertiary  age.' 

Little  can  be  made  of  the  restriction  to  Post-Secondary  rocks  of 
such  rare  minerals  as  haiiyne  and  nosean,  or  of  tridymite,  which  is 
very  possibly  not  an  original  constituent,  and  very  easily  overlooked. 
It  is  of  no  avail  to  quote  such  minerals  as  tourmaline,  topaz,  beryl, 
zoisite,  andalusite,  staurolite,  cyanite,  &c.,  as  restricted  only  to 
Pre-Tertiary  rocks,  because  there  is  no  evidence  that  any  are  proper  to 
igneous  rocks,  and  most  are  distinctly  minerals  of  motamorphic  origin. 
Muscovite  also  will  not,  I  think,  avail  much,  as  its  identity  and 
history  are  yet  far  from  clear.  The  strongest  point  in  favour  of  the 
classification  by  geologic  age  can  undoubtedly  be  made  with  the 
leucite  rocks,  for  there  can  be  little  doubt  that  all  which  have  been 
described  are  comparatively  modem.  Further  I  am  not  aware  of 
any  good  ground  for  suspecting  that  in  any  of  the  more  ancient 
rocks  which  have  been  microscopically  examined  this  mineral  has 
once  been  present,  but  has  been  replaced  by  pseudomorphs.  Still 
we  must  hesx  in  mind  that  in  this  respect  negative  evidence  is  not 
of  great  value ;  for  the  mineral  is  an  exceptional  one,  being  peculiarly 
rich  in  p«>tash,  and  typical  leucite  rocks  are  very  rare — so  rare  that  for 
some  time  no  instance  was  known  beyond  the  limit  of  Europe. 
The  experience  also  of  Messrs.  Fouque  and  Levy  appears  to  me  to  be 
significant.  They  melted  together  microcline  and  black  mica,  the 
composition  of  ihc  mixture  being  8iOj=40,  Alfi^  =  l7t  Fe,0j=8, 
*  Bechercbes  sur  les  terrains  anciens  des  Asturies,  &c.  p.  160. 
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MgO==2U  K.p  =10  (Total  =  9n»)r  the  composition  of  a  leiicitit<? 
poor  in  silica  and  rather  exceptionally  rich  in  magnesia,  the  result 
being  that  they  obtained  "  aprt^s  reeiiit,  un  culot  cr^'stallin  compose  de 
leiicite,  de  peridot,  do  mcliUte,  et  de  fer  oxydule,  c'est-li-dire,  une 
variete  de  leucitit*?  k  peridot."  This  interesting  result  appears  to 
suggest  that  mierocline  may^  under  certain  circiimatances,  be  the 
representative  of  leudte,  notwithstanding  their  different  ]>ereeiita^e 
of  silica;  or,  to  put  it  otherwise,  that  the  magma  which,  uodor 
certain  circimi stances,  may  crystallize  as  leucite  and  ohTine,  with 
melilite(or  with  slight  difterences  probably  augite)»may,nnder  others, 
form  mierocline  and  biotite  {potash-iron  mica).  It  is  also  to  be 
noted  that  those  oliservers  found  that  the  lotieite  crystallised  only  at 
a  high  temperature;  thus  in  roakingj  artificially  a  loucotephrite  from 
a  mixture  representing  one  part  of  augite,  four  of  hibradorite,  and 
eight  of  leucite^  the  leucite  crystallized  at  a'^*  rouge-hhmc;*^  the  felspar 
at  ** rouge-cerise ''  t.  Thus  it  eeeins  to  me  unsafe j  in  the  pre^^nt  stiile 
of  our  knowledge,  to  rely  too  much  on  negative  evidence  afforded  us 
by  this  ono  exceptional  nun  era]. 

It  appears,  then,  to  me  thut  this  att-empted  elaseili cation  of  igneous 
rocks  int^  an  older  and  younger  series,  notwitlistantling  the  autho- 
rity and  a  few  facts  which  can  be  quoted  in  its  favour,  not  only  i» 
in  itself  improbable,  but  also  is  opposed  to  the  general  results  of 
inTcati gallon,  eo  that  its  retention  will  impede  far  more  than  it  will 
facilitate  progress. 

The  order  of  solidification  of  the  more  important  rock-constituent« 
presentfl  ua  with  some  peculiarities  worthy  of  notice.  The  separa- 
tion of  iron-oxido  takes  place  at  a  verj-  early  period — ^probably  in 

*  Thif  niav  be  inwUGed  so  m  to  couie  nearer  to  UX).  thue  :— 
SiO^ =41-0,  A1,0,  =  17  42,  Fe^Q,,  =  8  2.  MgO  =  21-52,  K.,0=  10-25.  TotnJ  - 101  39. 
t  The  experimmJs,  imlef^,   t>f  MM   Fouque  and   l^\y  (deKTibed  in  tbeir 
"  SyiitliiJk?  dps  MiHemujt  et  dee  Euehep/  a  wtirk  of  the  biglieat  vulue to  geologij«u) 
appear  h>  nie  to  he  bo  iugge^tiv«?  a^  to  the  hkti^iry  w^d  rulntiuiiiship  nf  igneous 
roekst  that  I  present  the  ineaultfii  in  a  tabular  form  (it  wiU.  be  remembered  thai 
the  eit  peri  men  t«  were  made  by  '*  dry  f union  '*), 
(i)  Nfffafii^  resuks. 
Tbey  have  fuilpd  in  obfainin^  arlificinUy  roeks  ecmtainiog  free  qiitirtx,  or- 
Iboelase,  nlbite,  wliile  nde^i,  bbiek  mica,  ftnd  horoblende, 
(ii)  Pasiitivt  residts. 

The?  Imvp  »ricce«ded  in  obtmiiing  artificiany  andesitos  and  and<=«itic  pop- 
phyritea,  Itibriidnritx**  and  labmdoritie  porpbyfiteH,  tnuialts  and  tabrado- 
ritic  mebiphyres.  otiipbelinili  h,  jf-uei tiles?,  leucuti^pbrite,  and  lli*5raolit4?. 
(iii)  Retniita  ivdif^atmy  rfJiitionship^ 

(a)  It)  ptirtf^  of  oligoeliiHe  with  1  of  bo m blende n rod ut'ed  an  auntie nnderiie , 
4  pirtft  of  mierocline  with  4*8  of  biutiU^priKlmvt!  the  leueitito  mentioned 
abt)Ve.     {h)  Mierocline  witb  <ili(jfocli:ia«\  neplielinc,  and  nnjErite  produued 
in  each  ea^  a  gla**  in  wbieb  were  uiigockee.  nepJieline,  and  aiigit'Ci,  with- 
out any  tjmee  of  a  inonoelinic  felspar,     (r)  A  rock  composed  of  wenu^rita 
and  hornblende  produoed  a  obaracieristie  augitic  labradorito  with  a  littl© 
meUlibe. 
Minerals,  Ijowever,  whieh  they  bare  failed  to  obtain  as  eonfilitiients  in  artifi- 
cially proiiyced  roekn^  lia?e  been  aoporAtely  formed  by  MM.  Fouqut*  and  Levy, 
ant!  other  eisperimentcrs,— e.  g   ortbofWe,  ulbite,  and  a  brown  mica,  gener^ly 
atter  long  eiposurp  to  a  high  tcmperutnre.     Free  quartz  also  has  often  been  prt>- 
dncm\  by  tbe  intervention  of  wat<>r.     It  will  be  observed  from  the  oboTe  thnl, 
except,  pprhups.  in  I  lie  eafiei  of  Ihersolite,  ibey  have  chiefly  Buooeoded,  as  might 
be  expected,  in  producini^  ciample*  of  ilie  less  deep-«eiited  igneaua>rook«.    . 
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all  cases  this  group  of  minerals  is  the  first  to  solidify ;  cTen  in  the 
thin  sahlbands  of  tachylyte  we  note  the  cloudy  agglomerations  of  dark 
dust,  globulites  or  trichites,  which  indicate  incipient  differentiation. 
These  often,  when  well  marked,  are  surrounded  by  lighter  zones, 
indicating  that  the  segregatory  process  has  continued  after  motion 
was  arrested  in  the  mass ;  but  we  may  remark  that,  in  the  perido- 
tite  group,  the  presence  of  a  large  amount  of  magnesia  appears  to 
have  been  unfavourable  to  the  complete  separation  of  the  iron- 
oxide,  80  that  a  large  quantity  has  remained  as  an  iron-silicate  in 
such  minerals  as  olivine,  enstatite,  &c.  There  is  usually  as  much, 
fiometimefl  more,  iron  in  a  poridotite  than  in  a  basalt ;  yet  a  slide  of 
the  latter  exhibits  many  more  granules  of  iron-oxide  than  the  former. 
Olivine  appears  to  consolidate  at  a  high  temperature ;  but  in  the 
rocks  rich  in  magnesia  the  bisilicates  of  the  enstatite  group,  and 
perhaps  those  of  the  pyix)xenic,  appear  commonly  to  have  crystal- 
lized before  it,  though  the  difference  cannot  have  been  very  great, 
since  these  minerals  occasionally  include  (as  in  the  well-known 
bastite-rock  of  the  Harz)  granules  of  olivine.  If,  however,  the  con- 
stituents of  felspar  are  present  in  any  appreciable  quantity,  then  the 
olivine  is  anterior  in  solidification  to  the  above  magnceian  bisilicates ; 
for  in  the  picrite  group  they  frequently  include  grains  of  it,  as  does 
a  brownish  mica  which  occurs  occasionally.  As  a  rule,  the  felspars, 
including  nepheline  and  leucite,  when  their  constituents  are  present 
in  large  quantities,  appear  to  separate  out  at  an  early  period ;  they 
are  then  generally  anterior  to  the  pyroxenic  mineral,  and,  what  is 
remarkable,  the  more  basic  (and  in  the  case  of  the  true  felspars  the 
more  fusible  varieties)  separate  out  before  the  more  acid,  so  that 
the  remaining  magma  contains  a  higher  percentage  of  silica  than 
the  separated  minerals.  In  accordance  with  the  same  principle  and 
as  an  extreme  case,  quartz  usually  solidifies  last  in  order.  We  find, 
however,  even  in  rocks  of  tolerably  uniform  structure,  whether 
coarse  or  fine,  not  anfrequent  anomalies,  so  that  it  is  almost  impos- 
sible to  draw  up  a  table  of  minerals  in  the  order  of  their  solidifi- 
cation ;  and  when  we  study  those  which  occur  porphyritically,  the 
difficulties  become  greater.  The  following  table  exhibits  some  of 
these  anomalies : — 

Minerals  oocurring 
Gompofition  of  Ground-mafls  *.  porphjTitically  *. 

AHdMite   ...    OUTfae   I  EnBtoti«,,augite.  hornblende. 

DeUnU I*br,doritet+angite {  ™|,^d''X*^"'"'  ''"^**'  '- 


Diorify   Plagioolaae+pyroxenio  mineral 

(also  biotite) 

Grmiie Minerals  of  syenite + quartz 


'  Same  minerals,  but  often  the 
plaeioclaae  is  a  more  basic 
Kind,  with  hypersthene. 
Same  minerals,  but  quartz 
only  in  bemicrjstalline  or 
glassy  Tarielies. 
Tondife Minerals  of  diorite  -f  quartz Id, 

*  Oxides  of  iron  and  spinel  group  omitted. 

t  Name  used  generically ;  may  include  anorthite.  ^  , 
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All  explanation  of  these  anomalies  does  not  at  first  sight  appear 
hopeful ;  wc  may,  however,  notice:— 

1*  That  the  temperature  of  consolidation  for  a  mineral  out  of 
a  magma  is  not  necessarily  idenlical  with  that  of  the  isolated 
mineral,  as  one  fiubstancc  acts  as  a  flux  upon  another. 

2.  That  the  more  anomaloua  resulti*  are  presented  by  the  rocks 
whieh  appear  to  have  cooled  rather  rapidly. 

y.  That  the  presence  or  absence  of  water  greatly  modifies  the 
oircnmfltances  both  of  fusion  and  consolidation, 

4.  That  Prof.  Daubree  s  experiments  indicate  that  preisure  and 
the  presence  of  water  are  favourable  to  crj'stal-building. 

Fur  instance,  in  a  graoite  or  a  tonaUte  it  is  oh\dous  that  the 
tjuartK  has  been  the  last  mineral  to  consolidate,  while  in  qnartzi- 
ferous  felsites  and  porphyrites,  in  rhyolite^  and  dacites  (even  in  the 
moat  glassy  varieties ),  it  is  not  rare  to  find  good-sized  grains,  even 
bipyramid/d  crystals  of  (juartu,  among  the  porphyritic  minerab. 
In  regard  to  this,  it  seems  worthy  of  remark  that,  among  minerals 
so  occurring  in  the  non-holocrystalline  rocks,  a  distinction  is  obser- 
vable, some  being  so  perfectly  developed  that  they  seem  as  if  they 
had  censolidated  out  of  the  enclosing  magma  shortly  before  it  solidi- 
fied, while  others  appear  to  have  been  subsequently  modiiied ;  the 
latter  being  more  or  less  cracked,  fragmentary,  corroded  at  the 
exterior,  and  sometimes  bordered  by  ferruginous  and  other  minerals. 
These  distinctions  probably  indicate  difference  of  hiator}'.  In  the 
former  case  I  should  regard  it  possible  that  the  molten  matter, 
during  its  upward  passage,  had  been  arrested  for  a  considerable 
time  in  a  position  wbere  any  further  fall  of  temperature  was  practi* 
cally  prevented,  and  the  contained  water  was  unable  to  escape  : 
then  crystal- building  would  go  on  ;  possibly  the  development  of 
quarte  might  be  favoured  by  an  increase  of  the  pressure*  from  the 
masses  welling  np  behind*  AVhcn  ibc  resistance  in  front  is  over- 
come, the  fluid  mass  passes  upwards  and  outwards,  its  temperature 
falling  and  iU  water  escaping,  so  that  further  crystallization  is 
impeded,  and  the  mass  assumes  a  hyaline  or,  at  any  rate,  hemicrj^s- 
tdlline  condition. 

The  fracture  of  included  minerals  may  be  explained  by  strains 
ftet  up  during  the  motion  of  the  enclosing  magma  as  it  approaches  the 
condition  of  a  solid  body,  while  the  exterior  corrosion  probably  indi- 
cates that  some  local  rise  of  temperature,  or  increase  either  in  pres- 
sure or  in  the  quantity  of  water^  has  affected  the  stability  of  the 
molecules  in  the  crystal.  It  must  be  remembered  that,  during  the 
intermittent  upward  progress  of  a  lavn-stream,  its  outer  parts,  by 
contact  with  cooler  rock,  may  at  times  lose  euough  heat  to  allow 
of  the  formation  of  crystals  during  a  pause  (for  1  think  that  the 
constant  fihearing  of  the  molecules  in  a  moving  mass  wouhl  Ik* 
unfavourable  to  the  development  of  crystals  of  any  size);  hut  thiil 
when  t)ie  mass  again  moves  onward,  the  more  solid  crj  stall iferous 
rrust  may  he  carried  int-o  the  interior  of  the  mass,  where  the  tem- 
perature has   rtujuined  hii»her  and  its  environment  is  different.     It 

*  Prof.  Dwiihr/'cs  exiieriments  *\mw  timl  preesurc  aiid  water  are  Tcr\ 
farourable  to  the  dptHopniMTit  of  qimrtE-rrjiUdB, 
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is  not  impossible  that  some  of  the  peculiar  cases  of  zonal  structure  in 
crystals  may  be  due  to  changes  of  position,  sometimes  slight,  during 
the  process  of  formation.  For  instance,  I  think  it  extremely  probable 
that  the  zones  of  albite  enclosing  the  large  orthoclase  crystals  in  the 
"porphyroid"  of  Maims  in  tbe  Ardennes  (I  have  no  doubt  this  rock  is 
of  igneous  origin)  are  the  records  of  two  phases  in  its  history.  In 
this  way  also  very  possibly  the  enclosure  of  hornblende  by  augite 
crystals,  or,  vice  versd,  of  nepheline  by  sodalite,  &c.,  may  be  ex- 
plained. 

Definite  pressure  also  during  the  process  of  crystal-building 
cannot  fail  to  produce  a  marked  effect.  It  may,  I  think,  be  taken 
as  an  axiom  that,  ccnteris  paribus,  a  molten  mass  under  pressure  will 
crystallize  more  readily  than  one  not  so  affected.  It  is  very  possible 
that  the  devitrification  of  many  of  the  ancient  volcanic  glasses  has 
been  largely  due  to  the  pressure  which  they  have  undergone  from 
bdng  buried  deep  below  superincumbent  strata.  Molecular  move- 
ment within  limits  can  take  place  in  many  substances  long  before 
they  cease  to  be  sqlid,  as  is  indicated,  among  other  things,  both  by  the 
ordinary  devitrification  of  glass  and  by  Prof.  Baubree's  special  expe- 
riments ;  and  the  mere  fact  that,  in  most  cases,  the  specific  gravity 
of  a  substance  is  higher  in  a  crystalline  than  when  in  a  colloid  state, 
indicates  the  probable  result  of  the  application  of  pressure.  But  on 
the  present  occasion  I  shall  as  far  as  possible  avoid  what  may  be 
called  subsequent  metamorphosis,  and  confine  myself  mainly  to 
structures  which  are  due  to  the  application  of  a  force  definite  in 
direction  during  the  process  of  crystallization. 

1.  Crystals,  already  formed,  will  be  arranged  with  their  longer 
axes  in  the  direction  of  a  tension,  or  at  right  angles  to  a  pressure. 
This,  as  every  one  knows,  is  the  explanation  of  fiow-structure  in 
microliths,  and  it  is  sometimes  exemplified  in  the  case  of  larger 
crystals. 

2.  Crystals,  when  forming,  if  exposed  to  a  tension  or  pressure, 
will  develope  with  their  longer  diameters  in  the  direction  of  the 
tension,  or  at  right  angles  to  the  pressure.  This  is  especially  well 
exhibited  by  platy  minerals,  such  as  mica  and  diallage.  The  foliated 
aspect  of  granites  and  gabbros  near  to  their  junction  with  a  level 
surface  of  stratified  rock  has  often  been  noticed ;  but  as  I  observe 
that  in  the  newly  awakened  enthusiasm  for  subsequent  pressure  as 
an  agent  in  modifying  rock-structures  there  is  some  danger  of 
these  being  overlooked,  I  shall  venture  to  recall  a  few  from  my  own 
experience.  I  have  often  noticed  that  a  mass  of  granite  intrusive 
into  a  bedded  rock  has,  for  a  depth  of  several  inches,  its  mica-plates 
parallel  with  the  surface  of  junction,  and  without  the  slightest  sign 
of  crushing.  The  most  remarkable  instance  which  I  have  ever  seen 
was  in  the  neighbourhood  of  Bergen ;  there  a  vein  of  granite,  rather 
more  than  a  foot  thick,  threw  off  a  band  some  three  inches  wide 
into  a  transverse  fracture  in  the  schist.  It  was  obvious  that  the 
angles  of  the  latter  rock,  one  being  about  60*^,  the  other  about  120°, 
would  offer  resistances  definite  in  direction  to  the  viscid  mass  of  the 
granite.  Accordingly  the  plates  of  mica  in  the  latter  (as  usual,  not 
numerous)  were  arranged  perpendicularly  to  the  normals  M  A^r^T^ 
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surface  of  the  schbt ;  bo  that  they  rejsembkd  Httle  fiah  which  were 
turning  aside  from  thtt  mmn  stream  to  awtmiipthe  brunch.  I  have 
already  de^^cribed  to  this  Society*  tases  ot  f*>liaHoii  devolojHjd  in  masses 
of  pabhro  in  the  neigh^jonrliood  ot"  a  junction  with  bedded  rock,  atid 
one  yet  more  remarkable  where  a  vein  wh'u^b  cut  a  id  ass  of  serpen- 
tine and  had  forced  its  way  between  two  luyeri?  of  a  lai^e  included 
fragment  of  bedded  rock,  preserved  its  ordinary  atrueture  ao  long  as 
it  remained  in  the  former,  but  became  folijited  when  it  waa  nipped, 
tm  between  two  boardB,  by  the  latter.  1  have  tdao  seen  in  a 
trapeiiinm-sbiqied  intrusivo  tongue  of  gabbro,  the  diaihige  parfillel 
with  each  uf  tho  three  eides  exposed  to  view.  There  is,  however, 
a  marked  ditfereiice  between  the  foliation  in  tb«i*e  eases  and  that 
jiroijentcd  by  rooks  orditmrily  called  nietaraorphic.  In  the  former 
the  structure  im  generally  Ici^s  conspicuous  under  the  microscope, 
and  the  crystal  line  coni>tittieuts  preecnt  the  .same  charucteristicj^  of 
external  tonri  an  in  tho  ordinary  igneouB  roek ;  but  in  tho  ktter 
(whatever  may  have  been  the  cause  of  the  folintion — crushing  of  a 
rock  idready  consolidated,  or  mine]  al  chango  in  a  rock  originaLly  of 
fragmental  structure)  there  in  a  marked  difference. 

/fhe  process  of  cry&talli/.ation  is  the  disturbance  of  e*]uilibrium 
among  tlie  constituent  molecidesj  that  which  w^aa  bomogeneoua  i» 
80  no  longer.  The  fornmtion  of  large  cryatali*  appears  to  be 
analogous  to  that  of  small,  and  to  be  only  a  question  of  time. 
When  we  find  a  rock  full  of  minutre  crystals^  we  may  conclude  that 
by  11  too  nip  id  fall  of  temperature,  freedom  of  motion  \vm  impeded 
and  the  separate  crystallites  were  [prevented  from  uniting;  In  this 
consideration  we  have  to  bear  in  niiud  the  following  facts,  as  stated 
above : — 

(a)  That  a  hyaline  condition  i»  rare  and  local  among  t!ie  more 
basic  rocks.     . 

(/>)  lliat  in  the  majority  of  caf^cs  the  more  basic  minerals  separate 
lirst,  so  that  the  residue  is  rendered  more  acid,  and  thus,  under 
changed  circumstauces,  may  more  readily  assume  a  hyaline  condition 
(and  BO  impede  movement)  than  the  original  homogeneous  magma 
would  have  done. 

{c)  That  the  minejalB  first  formed  will  be  the  most  perfectly  de- 
veloped ;  when  two  minerals  are  bath  ill  developed,  or  sometimes 
one,  Bometimeu  the  other,  developed  at  its  fellow's  expense,  the 
crystallization-point  for  the  two  is  probably^  mio-is  panbtts,  nearly 
identical. 

(</)  That  the  fusion  of  an  igneous  rock  is  not  **  dry  fusion,"  but 
fusion  in  the  presence  of  water;  and  the  same  is  true  of  erystallistation, 
though  the  free  discharge  of  water  from  volcanoes  may  bring  the 
cases  of  certain  lavaa  nearer  to  that  of  **  dry  solidification.'*  This 
may  be  the  cause  of  the  unusual  abundance  of  tachyhte  in  some  of 
the  Hawaiian  volcanoes^  as  these  diseliarge  little  steam  from  their 
molten  but  ebullient  surface, 

{(i)  That  pre^rhure  modifies  the  circumstances  of  cry 8t>iiUixa lion. 

*  QunrL  Joum.  GeoK  BiK%  \oL  xxiiii*  p.  8(Ki. 
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It  may  also  be  important  as  preventing  dissociation,  especially  of 
water. 

Let  UB  now  examine  the  mode  of  crystal-building  in  a  volcanic 
glass,  patting  aside  for  the  present  the  consideration  of  the  crystals 
which  occur  porphyritically  ;  because,  as  will  be  shown,  there  is  no 
reason  to  associate  their  formation  with  this  last  stage  of  consoli- 
dation. A  volcanic  glass,  when  molten,  may  be  either  homogeneous 
throughout  or  not  homogeneous.  The  former  might  produce  a 
homogeneous  solid,  of  which  a  piece  of  window-glass  would  be  a 
perfect  type ;  the  latter  a  glass  streaky  from  the  occurrence  of 
different  substances,  like  various  slags  and  very  many  glassy  lavas. 
This  is  obviously  due  to  the  imperfect  mixture  of  two  materials  (how 
mixed,  matters  not  for  our  present  purpose)  of  slightly  different 
chemical  composition,  the  masses  of  which  during  motion  are  drawn 
or  "  teazed  "  out  into  shreds. 

Considering  for  a  while  the  former  case  only,  we  see  that  the 
molten  mass  may  solidify  without  marked  separation  of  any  of  its 
chemical  constituents,  though  this  is  rare.  Commonly,  numerous 
microliths  are  formed,  and  the  history  of  these,  if  traced,  throws 
much  light  on  the  process  of  crystal-building.  For  this  purpose 
no  better  examples  can  be  found  than  some  of  the  well-known 
pitchstones  of  Arran.  On  examining  a  slide  from  one  of  these  with 
an  objective  of  low  power,  we  see  that  the  clear  glass  of  the  rock 
appears  full  of  a  minute  spicular  dust ;  on  applying  a  higher  power 
(say  I"  objective)  the  particles  of  this  dust  are  seen  to  bo  very  small 
pale-green  belonites,  disseminated  pretty  uniformly  and  without 
orientation.  Taking  another  slide,  we  perceive  a  number  of  larger 
helonites,  and  in  parts  of  the  same  or  in  a  third  slide  we  find  curiously 
tufted  groups  of  the  helonites,  or  aggregations  of  the  smaller  on  the 
larger,  like  miniature  spruce-fir  trees. 

Now  each  one  of  these — larger  helonites,  tufted  groups  of  all  kinds 
— will  be  surrounded  by  a  lacuna  of  perfectly  clear  glass,  while  be- 
yond that,  there  will  be  interspaces  crowded,  as  above,  with  the 
spicules.  Moreover  a  closer  examination  of  the  larger  helonites 
will  often  show  that  they  are  compound  in  structure,  built  up  by 
the  laying  side  by  side  of  the  spicules  ;  and  further  that  in  the  fir- 
tree-like  groups  the  branches,  where  they  inosculate  with  the  stem 
(to  use  a  simile),  sometimes  make  with  it  at  first  a  comparatively 
small  angle,  and  then  stretch  out  more  nearly  at  right  angles, 
exactly  as  we  see  the  young  branches  start  at  an  acute  angle  with 
the  upper  part  of  a  fir-stem,  but  afterwards  drawn  down  by  the 
increasing  weight  of  the  bough  (a  botanical  fact  of  which  I  may 
remark,  by  the  way,  many  artists  take  no  note).  It  appears,  then, 
pretty  dear  that  cither  the  increasing  viscosity  of  the  surrounding 
material^  or  the  resistance  of  the  tufbs  to  which  they  were  already 
attached,  prevented  these  spicules  from  being  incorporated  into  the 
main  stem.  Why  inparts  of  the  rock  we  have  a  uniform  distribution 
of  the  spicules,  and  why  in  others  they  are  able  to  aggregate  as 
above,  we  cannot  say  ;  but  probably  it  is  due  to  some  very  slight 
irr^fularity — an  almost  infinitesimal  difierencc  might  suflice— in  the 
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composition  of  the  mck.  Some  slides,  however,  iUuBtrat**  tiiiother 
form  of  disturbance  of  equiUbrium  i  crystals  of  quarts  or  felspar  are 
imbedded  in  the  rock,  and  on  these  the  larger  beloiiitea  have,  as  iL 
were»  grown,  in  accordance  with  a  well-known  law  of  cryatal- 
building,  that  a  mechanical  disturbance  of  equilibrium  is  favourable 
to  it,  and  every  oryatallite  seeks  its  wov  urw. 

Let  us  now  proceed  to  the  igneous  rocks  which  are  comprehended 
in  the  gtiueral  term  '*  trachytes  f ^  rocks  which  stQl  retain  a  glassy 
base,  but  have  it  crowded  with  microlitha  ;  in  which  alsso  there  is 
eommouly  a  slightly  lower  percentage  of  silicii  than  in  such  gia!>sy 
forms  as  pitchBtoue  and  obsidian.  Here  we  find  cryetallitefl  of 
felspar  largely  developed,  together  with  granules  of  augite,  horn- 
blende, and  magnetite  ;  these  occasionally  are  so  far  associated  as  to 
afford  instances  o(  twinning,  and  they  vary  notably  in  size.  In  these 
rocks  we  are  presented  with  a  stage  of  crystal-buiMing  somewhat 
analogous  to  that  just  des^cribed,  thoiigh  taking  place  in  a  rock  of 
slightly  different  composition.  This  microti thie  Btructure  apjHJiirs  to 
me  to  indicate  that  temjierature  (as  in  the  former  case)  was  changing 
rather  rapidly,  and  cr}*stal-buiLding  was  arrested  before  it  had 
progressetl  beyond  one  or  two  of  its  earlier  stagt^s.  Hence  1  fully 
expect  that  it  will  be  restricted  to  rocks  which  have  either  been 
emitted  as  lavas  or,  if  intrusive,  have  solidified  not  far  from  the 
surface  of  the  ground,  that  is,  under  circumt^tances  which  have 
allowed  of  comparatively  rapid  cooling  and  perhaps  the  free  evaporti- 
tion  of  water. 

Let  uts  now  for  a  moment  turn  our  attention  to  the  larger  cry J*tak 
of  quarts,  felspar  (and,  in  some  more  basic  examples,  nepheline  and 
leucite),  biotite,  augite,  and  hornblende,  which  we  find  in  porphyritic 
varieties  of  these  rocks.  These  are  not  seldom  found  to  have  incor- 
porated into  themselves  j)ortions  of  the  ground-mass  or  mieroliths 
of  other  mincrab  such  aa  occur  in  the  rock,  which  have  been  forced 
to  obey  the  law  of  crystal  ligation  of  their  captor,  and  to  arrange 
themselves  conformably  t^  it.  Instances  are  too  common  to  require 
ennmeration.  I  interpret  this  to  mean  that  the  magma  was  main- 
tained for  a  considerable  time  at  the  temperature  requisite  for  the 
separation  of  some  particular  mineral,  and  only  slightly  below  that 
at  which  some  other  mineral,  present  in  a  very  much  smaller  quantity > 
had  solidified.  For  instsmce,  in  the  ease  of  magnetite  and  leucite, 
the  latter  mineral  begins  to  form  in  a  magma  in  which  scattered 
granules  of  the  former  have  appeared.  First,  probably » there  is  a  gene^ 
ral  development  of  microlithic  leucites ;  next,  owing  to  a  slight  non- 
uniformity  of  conditions,  c^jrtain  of  these  act  as  centres  of  attraction. 
Th©  first  tendency  will  bo  for  the  leucite  mieroliths  to  aggregate 
and,  in  so  doing,  to  exclude  the  magnetite,  if  it  be  only  sparingly 
present ;  but  oft-er  a  while  the  nucleus  becomes  larger,  the  magma 
possibly  slightly  more  viscous.  Motion  is  not  quite  so  free,  and  the 
converging  microlitha  of  leucit-e  bring  with  them  granules  of  magne- 
tite, and,  it  may  he,  the  enlargement  of  the  nucleus  (as  mentioned 
above)  facilitates  cr}  at al- formation  ;  hence  the  granular  magnetite  in 
included  in  the  crystaL     (It  must  be  remembered  that  when  one 
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mineral  is  in  the  act  of  crystallizing  and  the  other  has  crystallized, 
the  latter  is  inert  while  the  former  is  active.)  It  may  also  happen 
that  in  this  crystal-huilding  the  attached  microliths  are  now  diverted 
in  this  way,  now  in  that;  thus  twin-building  of  various  kinds  will 
resnlt,  and  I  should  expect  that  this  twinning  might  be  more 
perfectly  developed  by  molecular  rearrangement  after  the  crystal 
had  formed,  but  while  it  was  still  plastic. 

If  this  process  of  aggregation  of  one  or  more  minerals  be  carried 
on  to  a  considerable  extent,  the  residual  magma  will  obviously  differ 
mnch  from  the  original.  At  last  this  also  may  begin  to  crystallize. 
Then,  if  the  fall  of  temperature,  or  the  change  of  conditions  be  very 
slow,  we  shall  have  a  coarsely  crj'stalline  mass  enclosing  the  earlier 
developed  crjrstnls ;  but  if  the  change  is  more  rapid,  one  more  finely 
crystalline  will  be  produced.  If  the  magma  contain  the  constituents 
of  minerals,  of  which  any  one  (under  the  circumstances)  crystallizes 
at  a  markedly  higher  temperature  than  the  rest,  we  may  expect 
perfect  crystals  of  that  to  occur;  if  not  we  shall  find  that  the 
minerals,  though  thoroughly  crystalline  in  structure,  are  very 
imperfect  in  their  external  form. 

In  the  case  of  slow  consolidation  it  is  obvious  that  if  we  suppose 
at  different  points  in  the  mass  the  existence  of  centres  of  attraction 
of  any  kind,  acting  uniformly  in  every  direction,  the  microliths  as 
they  form  will  be  aggregated  around  them  with  a  radial  structure  and 
thus  will  form  spherulites.  On  this  structure  I  have  some  further 
remarks  to  make,  in  relation  to  vitreous  rocks,  in  which  it  is  far 
more  common ;  but  I  may  point  out  here  that  the  curious  orbicular 
diorite  may  be  thus  explained.  In  these  globular  masses  we  can 
generally  see  a  more  or  less  indistinct  nucleus,  then  follows  a  series 
of  subspherical  bands  of  anorthite  and  hornblende,  the  former  predo- 
minating. The  process,  then,  appears  to  be  as  follows  : — The  two 
minerals  have  crystallized  almost  simultaneously,  the  felspar  having 
had  very  slightly  the  advantage.  The  nucleus,  possibly  only  in 
consequence  of  the  accidental  presence  of  a  slight  excess  of  anortiiite, 
acts  as  a  centre  of  attraction,  and  anorthite  from  the  parts  of  the 
magma  in  immediate  continuity  separates  out  and  collects  radially 
upon  the  existing  nucleus.  But  after  this  segregation  of  the 
€di>pathic  constituents  from  the  magma  has  gone  on  for  a  certain 
time,  tiiere  is  a  zone  of  it  in  which  is  a  residual  excess  of  the  hom- 
blendic  constituents,  so  that  circumstances  now  admit  of  the  forma- 
tion of  the  latter  mineral ;  and  thus  a  zone  of  it  is  built  up,  until 
again  the  inequality  is  more  than  redressed,  and  the  formation  of 
anorthite  recommences.  But  this  will  not  go  on  indefinitely ;  for 
general  crystallization  of  a  non-radial  character  will  have  been  set  up 
in  the  mass,  so  that  at  last  molecular  motion  becomes  impossible. 
The  construction  of  spheroids  ceases,  and  they  are  enclosed  in  an 
ordinary  diorite.  I  notice  that  where  the  boundary  of  the  spheroid 
is  the  most  sharply  defined,  the  outer  ring  is  a  thin  one  and  is 
hornblende,  as  it  should  be  with  the  mineral  second  in  order  of 
formation. 

Leaving,  then,  for  a  moment,  certain  structural  peculiarities,  such 
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aa  spherulites,  let  us  see  how  far  we  can  connect  those  which  we 
commonly  meet  with  in  igneous  rocks. 

Commencing  with  the  hyaline  stage  (omitting  minerals  of  an- 
terior consolidation,  and  restricting  our  remarks  to  the  rocks  con- 
taining a  fair  proportion  of  felspar),  we  seem  able  to  trace  the 
following  order  of  phenomena  in  rocks  which  do  not  remain  in  a 
condition  so  vitreous  as  the  taehylytes,  pitchstones,  and  obsidians : — 

A.  (1)  Formation  of  a  large  number  of  felspar  microliths,  so  that 
these  become  the  most  conspicuous  objects  in  the  ground-mass,  in 
which,  however,  more  or  less  glass  usually  remains.  This  gives  the 
trachytoidal  structure  of  many  authors,  and  indicates  a  compara- 
tively rapid  fall  of  temperature,  so  that  crjstal-building  is  arrested 
at  a  rather  early  stage. 

(2)  Further  development  of  the  felspars,  until  their  chemical 
constituents  are  wholly,  or  almost  wholly,  removed  from  the  magma, 
followed  by  crjstallization  of  the  residue.  This  is  the  ophitic 
structure  of  authors,  most  perfectly  doA  eloped  when  the  residue  has 
the  composition  of  a  p}Toxenic  mineral  and  itself  crystallizes  rather 
coarsely — a  structure,  I  think,  indicative  of  more  gradual  cooling, 
but  still  under  no  great  amount  of  constraint.  Not  usual  in  the 
more  acid  rocks. 

B.  (1)  Structure  minute ;  but  a  glassy  base  is  not  distinguishable. 
Want  of  definiteness  of  external  cr}staLline  form,  as  though  some- 
times the  separation  of  adjacent  minerals  had  not  been  absolutely 
perfect,  or  an  irregularity  of  boundary,  as  though  crystallization 
had  been  simultaneous.  Occasionally  there  is  some  approach  to  a 
coordination  of  structure,  a  more  or  less  imperfect  micrographic  or 
spherulitic  arrangement  being  visible.  This  is  the  pttrosUiccous 
structure  of  authors^  indicative,  I  believe,  of  constrained  consoli- 
dation. 

(2)  Generally  a  coarser  structure  than  the  last.  The  separation 
of  the  minerals  is  more  complete,  and  the  felspars  tend  to  have 
rectilinear  boundaries.  The  microgranulitic  structure  of  authors, 
which  perhaps  ultimately  may  be  in  great  part  classed  with  the 
next  one,  the  remainder  belonging  to  the  first,  and  both  belonging 
chiefly  to  the  less  basic  rocks. 

(3)  Fairly  coarse  felspars,  usually  well-defined  externally,  espe- 
cially in  the  more  acid  varieties,  the  granitoid  structure  of  authors, 
especially  characteristic  of  granites,  tonalites,  most  syenites  and 
diorites,  and  gabbros. 

This  last  method  of  crystallization  seems  to  belong  to  very  deep- 
seated  rocks,  where  consolidation  has  taken  place  under  great 
pressure  and  in  the  presence  of  confined  water-vapour;  certain 
cases  of  (2),  and  perhaps  some  of  (1),  indicate  the  same  process 
carried  on  more  rapidly,  and  so  occur  frequently  in  vein-granites 
and  intrusive  felstones.  The  first,  or  petrosiliceous  tj'pe,  however, 
requires  much  discussion,  and  with  some  remarks  on  questions 
relating  to  this,  I  must  conclude  this  already  too  lengthy  address. 

For  many  years  the  subject  of  the  minuter  crystal-building  has 
been  present  to  my  thoughts,  although  the  pressure  of  what  I  may 
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call  larger  questions  has  prevented  me  from  devoting  to  it  much  of 
the  time  which  I  can  secure  from  daily  duties.  It  was  a  question 
to  which  my  work  in  Charnwood  and  North  Wales  obliged  me  to 
pay  attention,  and  I  may  mention  that  it  is  now  seven  years  since 
I  published  a  paper  in  the  '  Geological  Magazine '  which  dealt  with 
the  possible  mode  of  formation  of  some  spherulitio  rocks  in  Arran, 
This  will,  I  hope,  be  my  excuse  for  putting  before  you  some  of  the 
results  of  my  own  work,  without  direct  reference  to  what  others 
may  have  written  on  the  subject.  The  question  propounded  to  us 
by  the  study  of  ^this  class  of  rocks  in  the  field  is  practically  this  : 
Has  the  petrosiliceous,  the  spherulitio,  the  micrographic  structure 
been  produced  during  the  original  cooling  of  the  rook,  or  has  it  been 
subsequently  brought  about  ?  and  if  it  has  been  produced  at  either 
time,  is  there  any  hope  of  distinguishing  what  I  may  call  original 
from  secondary  devitrification  ?  Besides  studying  a  large  number 
of  natural  rocks,  I  have  examined  some  artificial  glasses  in  the  hope 
of  obtaining  some  help  from  them. 

I  have  to  acknowledge  with  gratitude  the  assistance  which  I 
have  received,  both  in  information  and  by  the  gift  of  specimens, 
from  Professor  Judd,  Mr.  J.  A.  Phillips,  Messrs.  Osier,  Mr.  F. 
Claudet,  and  Mr.  Frederick  Siemens,  of  Dresden.  To  the  last  two  I 
can  hardly  adequately  express  my  thanks.  Each,  from  the  funds  of 
his  practical  experience,  gave  me  much  information;  each  made 
me  a  liberal  gift  of  specimens,  Mr.  Siemens  even  having  some 
speciaUy  prepared  for  me.  I  may  add  that  in  the  time  at  mv  dis- 
posal since  these  reached  me,  it  has  been  impossible  to  do  full  justice 
to  the  many  interesting  questions  to  which  they  give  rise ;  but  I 
hope  to  make  them  the  subject  of  further  study. 

Specimens  of  artificial  glasses  vary  considerably  in  composition. 
The  following  are  analyses  (furnished  me  by  M.  Claudet)  of  flint- 
glass  (I.  and  n.)  and  a  (French)  bottle-glass  III.  ♦ 

*  M.  Pelonie  also,  in  his  article  8ur  U  Verre,  Oompt.  Bend.  IxiT.  p.  53,  gires 
the  foUowiog  uialyaes : — 


Ordinary  Glass. 

704        7305 
7-41        15-16 
Na^O  15-51        11-79         970 


81O.    7704       7305        77-80 

OaO     7-41        15-16        12-50 


99-96       10000      100-00 


Alamina  glaas.  Magnesia  glass. 

8.  G.  2*380.  (Easily  devitrifled.) 

SiO.     76-00  SiOj,    68-9  667 

ALO,    7-60  MgO    14-9  12-0 

»a.O    17-40  CaO     73 

Na^O  16-2  16-0 
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100-0  100-0 
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Ka. 0 lU'BO  15-22  CM    ....   29-22 

, — -^^  K^O    ....     5-48 
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10000 

In  flint-glass  the  percentage  of  silica  is  often  liigher,  that  of  alumina 
lower,  and  those  of  lime  and  soda  more  nearly  equal  than  in  (I.). 
In  fact,  we  might  take  a^  an  appioximate  compotsltion  of  a  typical 
flint-glass  about  70  per  cent,  of  Esilka  and  about  27  per  ceut.  of  lime 
and  soda,  in  nearly  equal  proportions,  the  residue  consisting  of 
alumina,  iron,  mauganeso,  &c.  The  prcsenL-e  of  alumina,  as  is  well 
known,  renders  the  glass  less  fusible,  lleiice,  in  order  to  obtain 
deritrified  specimens,  Mr.  Ckudet  was  in  the  habit  of  sprinkling  a 
little  clay  on  the  residual  glass  iu  a  pot.  (Tliis,  I  think,  acted 
mechaiiicaUy  as  well  as  chemically,  as  prabably  it  was  not  wholly 
melted.)  Compound  silicates  also,  he  informa  mc,  were  more  fusible 
than  simple.  In  the  comparative  study  of  artificial  p?lasses  and  of 
iguuons  rocks  there  are,  however,  two  obvious  difficulties — one,  that 
the  former,  as  indicated  above,  contain  a  much  larger  percentage 
of  lime  and  of  an  alkali  than  we  find  in  obsidians,  pitchslone^,  or 
rhyolites,  and  that  ia  regard  to  them  we  aro  dealing  with  dr}^  fusion 
and  dry  eohdificntion  (Mr.  JSiemeiis  informs  me  that  il  is  an  im|iortant 
matter  to  allow  the  '*  metal  * '  to  boil  for  a  couMidcr^iblc  time,  i.  c,  lo 
eliminate  from  it  vapours  and  gases).  As  1  had  been  informed  that 
Hessrs.  Siemens  were  making  hotile-glass  from"granulito  '^  or  granite* 
I  had  great  hopes  of  obtaining  from  them  an  arthidally  produced 
obsidian,  and  thus  being  enabled  to  study  the  dev it riti coition  of  a 
iubstance  chemically  identical  w^ith  a  natural  rock.  Tliis,  I  regret 
to  say,  is  not  quite  the  case.  Their  simple  matenal  is  a  granite  or 
granulite,  of  %vhich  analyses  are  given  below*,  bnt  a  certain  quantity 
of  calcium  iluoride  and  sodium  chloride  or  sulphate  are  added.  I 
was  not  informed  of  the  exact  amount ;  Mr.  Siemens  says  it  is 
done  rather  roughly,  but  "  so  as  to  make  a  good  alkaline  glass." 
Hence,  even  in  this  glass,  we  have  more  lime  and  alkah,  as  well  as 
less  magnesia,  than  we  should  tind  in  such  a  rock  as  an  andeaite, 

*I.  11. 
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with  which  probably  the  silica  and  alumina  percentages  would  more 
nearly  correspond.  Nevertheless,  though  this  fact  obliges  me  to 
hesitate  at  present  as  to  the  identification  of  the  minerals  formed 
during  devitrification,  these  specimens  have  proved  of  great  assis- 
tance*. 

It  will  be  convenient  to  describe  very  briefly  the  results  of  my 
examination  of  the  various  glass  specimens  referred  to  above,  before 
indicating  their  bearing  on  the  devitrification-structures  of  natural 
rocks. 

In  ordinary  window-glass  two  types  of  crystals  appear  to  be 
developed  t.  One  consists  of  long  acicular  prisms  of  a  clear  mineral 
with  a  satiny  lustre,  like  that  of  pectolite.  These  form  spherulites 
(sometimes  more  than  an  inch  in  diameter  in  the  body  of  the  glass), 
but  they  also,  as  we  might  expect,  form  a  more  or  less  mamillated 
layer,  starting  from  the  exterior  portion  of  the  mass,  especially 
where  in  contact  with  the  sides  of  the  pot.  Both  are  composed  of 
Uiickly  crowded  tufts  of  acicular  or  hair-like  microliths,  exactly  like 
the  growth  of  microcrystalline  quartz  which  we  can  study  in  the 
chalcedonic  linings  of  cavities  in  rocks.  Sometimes  they  form 
radiate  hemispheres,  the  plane  face  being  the  surface  of  the  glass, 
the  centre  not  seldom  a  little  speck,  which  appears  to  have  been  one 
of  the  ciay  granules  mentioned  above.  The  second  type  is  a  mineral 
of  a  less  satiny  lustre  and  apparently  not  quite  without  colour,  the 
larger  aggregates  having  a  faint  ochreous-grey  tint.  Its  habit  of 
crystallization  appears  to  be  entirely  difierent.  Commencing  with  an 
elongated  flattish  prism,  smaller  prisms  attach  themselves  to  the 
sides  at  angles  of  about  60°,  and  to  these  in  like  way  others  are 
added.  Occasionally  the  rachis^  as  I  may  term  it,  of  the  leaf 
becomes  curved.  These,  again,  combine  into  stellate  six-rayed 
forms,  reminding  us  of  the  well-known  snow  crystals,  and  develope 
into  flattish  hexagons  like  those  figured  by  Vogelsang  in  the  eighth 
and  ninth  plates  of  his  work  *  Die  Crystalliten,'  except  that  the  outer 
boundary  appears  sharper  than  in  those  on  the  latter  plate.  A 
remarkable  twinning  now  takes  place,  two  composite  crystals 
placing  themselves  at  angles  of  60°  with  the  plane  of  the  first  plate, 
8o  that  a  vertical  section  would  give  us  a  six-rayed  star.  This 
process  continues,  but  with  a  certain  dominance  of  crystals  lying  in 
the  original  direction,  so  that  its  result  is  an  aggregated  mass  of 
somewhat  flattened  forms,  the  longer  diameter  of  which  sometimes 
measures  nearly  an  inch.  At  the  ends  it  is  rather  concave,  and  its 
sides  still  retain  a  somewhat  hexagonal  shape.  I  may  give  a  general 
idea  of  the  appearance  by  comparing  one  of  these  to  a  ball  of  cotton 

*  I  aio,  of  oourae,  aware  of  the  glass  formed  from  melting  basalt ;  but  on 
aecoant  of  the  rarity  of  glassen  and  structures  suggestive  of  ** devitrification  " 
among  the  more  basic  rooks,  I  have  not  thought  it  worth  while  to  spend  much 
time  orer  them. 

t  Mr.  Claudet  informs  me  that  these  spherulites  were  produced  by  stopping 
all  the  orifices  of  a  furnace,  and  allowing  it  to  become  cool  yery  slowly,  the 
time  occupied  before  the  cooling  was  completed  and  the  pots  were  withdrawn 
being  from  8  to  10  days. 
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aa  ordimtrily  sold,  if  its  sides  were  compressed  by  its  being  placed 
in  a  hexagonal  box. 

Both  at"  the  above  crj'stnlliDe  aggregat^os  appear  to  be  sharply 
aepanited  frora  the  enclosing  glass,  which,  I  may  remark,  is  often 
cracked  tor  some  little  dbtaiice  round  them,  as  though  by  strain  in 
eabsequent  cooling.  Although  the  latter  niicrtilitbs  appear  to  form 
tufted  and  someiimos  sphernlitic  masses,  like  the  former,  by  the 
crowding  of  the  branch-like  forms,  so  that  they  are  compressed 
t^igethrr  like  the  iwig^  in  a  broom,  yet  I  am  disposed  to  regard  the 
two  as  diatinct  varieties,  if  not  distinct  miuerals.  Probably,  how- 
ever, the  difference  in  chemical  composition  is  but  slight/  Their 
occurreQce^  ottea  in  the  middle  of  a  mass  of  perfectly  homogeneous 
gla.'^s,  leads  one  to  suspt  r  1  that  they  differ  but  little  from  it  in  com- 
ponitiofj,  and  are  eryatal«  of  some  lime-soda  sliicate,  chemically  as 
nearly  us  possible  identical  with  the  glass*.  80  far  as  I  can  at 
present  ascertain,  each  is  a  moiiodinic  mineral. 

Mr.  F,  Siemena  sent  me  a  specimen  of  **^  granulite  glass  **  contaioiog 
spberulitcs,  taken  ''*  out  of  an  old  tank-furnace  cooled  down  slowly 
with  about  lOOO  cwt,  of  glass  in  it/"  The  frjigment  is  of  irregiilar 
form,  aboat  5"x3''x2",  of  a  rich  ref^in-brown  glass,  eoTitaining 
several  spheral  it  es  beautifully  developed,  most  of  them  about  1" 
diameter,  sometitoes  a  lit  lie  more;  they  exhibit  a  radial  structure, 
wnth  one  distinctly  zonal  in  the  exterior  part,  forming  a  kind  of 
**rind'*  about  '2"  thick.  The  inner  part  is  of  a  jmle  yeilowish-grey 
colour  and  has  a  plightly  imcttious  lustre;  the  outer  bjis  a  pioker 
tinge  and  deader  lustre;  but  the  outermost  zone,  perhaps  Tr^tb  iueh 
thick,  more  nearly  resembles  the  interior,  ^\'hen  examined  undt»r 
the  microscope  these  sitborulites  are  not  very  translucent,  of  a 
dusty  grey  colour  and  ratlier  earthy  aspect ;  the  radial  structure  is 
rather  irregular,  the  spberulito  being  apparently  composed  of  a 
matted  mass  of  rather  curved  acicular  microliths ;  the  zones  ar« 
indicated  by  darker  bands  and  there  are  some  iuteresting  minor 
peculiarities  on  which  I  mu^t  Jiot  dwell,  except  to  say  that  beyond 
the  sphernlite  is  a  very  thin  fringe  of  minute  colourless  crystal lites. 
This  mineral  is  probably  an  aluminous  silicate,  and  resembles  that 
in.  some  sphenilites  which  I  have  seen  in  obsidians  and  pitchstones] 
perhaps  it  is  an  impure  microlithic  oligoclase. 

In  all  these  specimens,  described  above,  the  various  erystaliitefl 
have  formed  duriug  the  cooling  of  the  mass  from  a  molten  condition, 

♦  Mr,  Clftudet  k'lla  me  that  some  jears  sinee.  he  annlTwd  n  gUsn  and  on©  of 
the  eneloBiirps,  and  found  no  ^ulietJintial  diflRprence  betwwn  them.  I  tnny  add 
tbiit  Vom  Ii«tb-6  an/ilvftps  of  a  pilch^tone  and  a  Sfpberulii*  from  Atirisskfia 
(Atide^J  giTe  but  iiuie  difleiviicfl.  Du man's  analyses  of  a  gloAs  and  it*  crj&Uil- 
lited  intkisioa,  ht>vr<>TtT,  show  n  d*^ddod  difference  :— 

Vilreoui  part.  Orysiallired  part. 

SiO^     r>4-70  68-20 

AlA  * 3%iO  4  91) 

CaO     12^  1±00 

2iafi  .,*, Wm  14'iHi 
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and  thus  illostrate  what  we  may  term  primary  devitrification.  It 
represents  a  segregation  of  certain  crystalline  minerals  from  the 
body  of  the  glass,  which,  however,  undergoes  no  change  whatever 
that  is  visible  to  the  eye  in  the  other  part,  the  free  ends  of  the 
micFoliths  being  bounded  by  a  true  glass,  apparently  identical 
with  that  in  other  parts  of  the  mass.  I  now  turn  to  some 
examples  illustrative  of  changes  produced  by  the  action  of  heat 
upon  specimens  which  have  once  been  perfect  glasses.  The  first, 
gi?en  me  by  Mr.  F.  Claudet,  is  one  of  great  interest.  It  consists  of 
a  number  of  sheets  of  window-glass,  which,  when  lying  one  on 
another,  were  exposed  to  great  heat  in  the  noted  conflagration  at 
Hamburg,  and  partially  fused,  so  that  they  now  form  an  almost  solid 
mass  about  |  inch  in  thickness,  with  thin  alternating  bands  of 
opaque-white  and  of  clear  glass,  not  unlike  a  banded  rhyolite.  A 
closer  examination  shows  that,  except  at  top  and  bottom,  each  white 
band  is  more  or  less  double,  half  belonging  to  the  undei*part  of  one 
sheet,  and  half  to  the  upper  part  of  that  in  contact  with  it.  Each 
is  composed  of  a  tufted  growth  of  very  minute  acicular  crystals  of  a 
pale  brownish-grey  colour.  Usually  their  close  approximation 
compels  them  to  exhibit  a  brush-like  structure ;  but  occasionally 
where  there  are  slight  interruptions,  we  have  more  or  less  perfect 
half-spherulites,  and  in  a  few  cases  where  the  fusion  of  the  surface 
appears  to  have  been  complete,  we  have  a  perfect  spherulite,  whose 
equatorial  plane  represents  the  former  junction-faces.  As  the  glass 
has  not  been  completely  melted,  it  seems  probable  that  the  spheru- 
lites  are  due  to  a  crystallization  of,  not  from,  its  material,  and  they 
clearly  originated  at  the  surface  of  the  sheets. 

A  specimen,  prepared  for  me  by  Mr.  F.  Siemens,  further  illustrates 
this.  A  group  of  four  pint  bottles  of  different-tinted  granulito  glass 
was  exposed  for  twenty-four  hours  to  a  temperature  of  about  600°  C. 
The  heat  has  not  sufficed  to  fuse  the  bottles,  but  they  have  been 
completely  softened,  have  fallen  together  and  become  welded  into  an 
irregular  flat  cake,  though  the  necks,  lips,  even  the  letters  stamped  on 
the  bottles,  can  be  readily  distinguished.  We  have  thus  had  about 
the  same  approach  to  fusion  as  in  the  former  case.  Here,  too,  a 
fracture  through  one  of  the  bottles  shows  at  either  surface  a  white 
skin  about  -^jt^  inch  thick,  duplicated  as  before,  whore  two  surfaces 
have  been  welded  together;  but  between  these,  in  the  clear  glass,  are 
numeroos  small  spherulites  from  ^ih  to  -j^^th  of  an  inch  in  diameter. 
Here,  again,  one  would  imagine  the  chemical  differences  between 
the  crjstalline  bodies  and  the  glass  must  be  extremely  slight.  The 
mineral  has  a  similar  aspect  with,  and  is  probably  the  same  as,  that 
in  the  larger  spherulites  described  in  the  slowly  cooled  mass  of 
granulite  glass. 

I  am  indebted  to  Mr.  F.  W.  Eudler  for  a  specimen  of  great  in- 
terest. This  is  a  fragment  of  a  plate  of  glass,  about  1*1  inch  thick, 
devitrified  by  exposure  in  a  crucible  to  a  bright  red  heat  for  three 
weeks.  A  slide  cut  from  it  exhibits  many  points  of  interest  on 
which  I  have  not  time  to  dwell ;  but  the  following  have  a  special 
hearing  on  the  question  before  us.     So  far  as  I  can  ascertain,  there 
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is  no  residual  glass ;  &  fair  quantity  of  an  earthy  dust,  and  sundry 
globuiites  have  formed,  also  a  number  of  minute  belonites  ;  but  the 
dominant  structure  consists  of  crowded  *'  brushes  "  ot  an  acieular 
mineral  with  a  general  resemblance  to  that  of  the  tirst  type  described 
above.  The  most  interesting^  point,  however,  is  that  the  iVfigment 
has  three  external  faces,  parts  of  tlic  front,  back^  and  an  end  of  the 
plate;  the  acieular  microlithie  aggregates  grow  out  from  each  of 
them  until  they  meet,  where  a  fcjharp  divisional  line  is  formed,  visible 
even  to  the  umjidcd  eye,  clearly  indicating  that  the  crystalliies 
started  simidfaneously  from  each  exterior  face,  and  grew  inwards 
till  thoy  met.  The  structure  is  roughly  reprpsen ted  in  the  annexed 
diagram.  Here,  as  the  whole  glass  is  devitrificd,  the  dominant 
crystallites  must  be  nearly  identical  in  composition  with  it. 


Section  of  a  fragimni  ^n  ne  vitrified  glAss« 
Id  concluding  this  subject,  I  mnst  recall  to  your  memory  the  most 
important  experiments  of  M.  Ibuibree  on  common  glass.  Tbewe, 
however,  were  performed  in  closed  tubes  in  the  presence  of  water 
(about  one  tbiid  of  the  weight  of  the  glass  |*,  Here  the  composition 
of  the  glasti  was  eon  side  rably  altered,  quartz  crystals  were  developed, 
witli  many  belonites  of  a  silicate,  withsphernlite^s  and  a  tufted  growth, 
probably  of  chalcedony,  and  with  a  few  grains  of  pyroxene.  The 
irregular  crowding  of  the  spherulitea  is  very  noteworthy,  and  the 
eifect  of  the  surfaces  of  the  glass  on  the  grouping  of  the  structures 
produced  by  the  alteration,  A  study  of  M.  Daubree's  remarlis  and 
platea  appears  clearly  to  indicate  thnt  there  is  a  great  difference 
between  the  results  of  mere  **heat"  devitrification  as  described 
above,  and  those  of  **  hcat-watcr-pressnre  *'  devitrification. 

The  experimented  evidence  above  cited  indicates  that  consider- 
able structural  chango  and  possibly  some  amount  of  molecular 
segregation  involving  actual  change  of  relative  position  (which  is 
certainly  considerable  when  water  is  present)  cnn  take  place  when  a 
eohd  body  is  rendered  moderately  plastic,  but  without  fusion.  This 
is  further  illustrated  by  such  tacts  as  the  kernel-roaating  of  copper- 

•  'Etudes  Synth^tiqiiea  de  Grologie  Expenmcntale,'  vol.  L  pp.  159-^171- 
Oompotition: — 

SiO 6S'4 

Al.Oj 4^ 

Oiib 120 

MgO , -5 

Ni^O...* 14-7 

100-5 

Digitized  by  VjOOQ IC 


AimiYEBSABT  ADDRESS  OF  THE  PBBSIDBNt.  93 

ore.  That  similar  processes  can  go  on  in  nature  is  suggested  by 
the  numerous  instances  which  we  witness  in  studying  the  conversion 
of  olivine-rock  into  serpentine,  of  pyroxene  into  varieties  of  horn- 
blende, the  formation  of  tourmaline  in  granite,  and  the  like.  I 
believe  also  that  many  of  the  oolitic  grains  in  limestones  are  struc- 
turally true  "  spherulites  '*  developed  after  the  rock  was  more  or  less 
consolidated ;  and  that  such  is  the  nature  of  the  radiate  balls  in  the 
magnesian  limestones  of  Durham  can  hardly  be  doubted.  Many  other 
instances  of  '^  concretion  "  might  readily  be  mentioned,  notably  those 
lingular  forms  in  the  flinty  slates  of  Eskdale ;  but  the  above  may  suffice. 
I  formerly  pointed  out  that  the  spherulitic  structure  of  certain  f elsites 
in  Arran  could  only  be  explained  on  the  supposition  that  they  had 
been  produced  by  a  metamorphic  action  due  to  a  subsequent  intrusion 
of  an  igneous  rock.  The  structures  of  the  devitrified  glasses  also 
show  us  very  clearly  how  great  an  influence  the  slightest  disturbance 
of  equilibrium  has  on  the  initiation  and  direction  of  crystal-growth. 
The  discontinuity,  and  consequent  difference,  due  to  the  mere 
existence  of  a  surface — ^what  we  may  term  the  surface  tension — has 
sufficed  to  originate  crystallization  in  each  one  of  these  cases  of 
artificial  secondary  devitrification. 

Thus  my  examination  of  a  large  number  of  igneous  rocks  in  the 
H^t  obtained  from  the  experimental  evidence  described  above  leads 
me  to  the  following  conclusions  : — 

(1)  That  spherulitic  and  other  microlithic  structures  can  be 
produced  in  a  glassy  rock  during  cooling. 

(2)  That  they  may  sometimes  originate  from  a  nidus  (as  it  were) 
of  slightly  different  mineral  composition,  which  thus  starts  crystal- 
lization. 

(3)  That  they  very  often  originate  by  the  mechanical  aid  of  some 
included  crystal  or  particle. 

(4)  That  perhaps  still  more  often  they  are  the  result  of  some  kind 
of  strain  analogous  to  that  of  the  artificial  cases  described  above. 
This  might  occur  especially  in  banded  rocks,  as  the  differeuce  in 
composition  in  the  layers  might  cause  them  to  contract  unequally. 

(5)  That  these  microlithic  structures,  unless  too  crowded,  are 
sharply  separated  from  the  surrounding  glass. 

(6)  That  they  can  also  be  produced  by  subsequent  heating  short 
of  fusion,  and  that,  except  perhaps  that  the  results  are  more  obviously 
connected  with  local  disturbance  of  equilibriimi,  there  are  no  means 
of  distinguishing  between  "  dry  heat "  devitrification  and  "  slow  cool- 
ing "  devitrification. 

But  the  experiments  of  Prof.  Daubr^  have  produced  results  not 
wlu^y  identical  with  those  of  the  dry-heat  action ;  and  to  this  ex- 
periment the  process  which  has  tak&n  place  in  nature  must  have 
been  more  nearly  analogous ;  that  is  to  say  when  '^devitrification/'  in 
the  strict  sense  of  the  word,  has  been  produced  in  a  rock  once  glassy, 
the  agents  of  change  have  been  pressure,  water,  heat,  the  elevation  of 
temperature  being  probably  in  most  cases  very  moderate.  How  far, 
then,  is  it  possible  to  distinguish  the  results  of  this  from  those  of 
"  eooHng  devitrification,"  the  only  other  kind  likely  to  occur,  except  j 
very  lo(^y,  in  nature  ?  Digitized  by  L^OOglC 
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An  eiamination  of  Frof,  Baubree's  results  suggests  that  the  deri- 
trifying  action  has  been  more  universal  and  simultaneoTiB  throughout 
the  mass  than  in  the  above -descrihed  cases  of  dry  heat*'  or  ''cooHng" 
devitrification.     It  is  true  that  the  surfaces  of  the  mass  have,  in  this 
case  also,  produced  modifications  ;  but  gi^heruUteB  appear  to  have 
started  almost  fiiraaltaneously  from  many  independent  centres,  so  as 
to  form  a  crowded  mass,  interlocking  with  irregular  outlines,  instead 
of  a  number  of  large  sphemlites,  which,  if  they  come  into  contact, 
are   parted   by  more    uniform    surfacee.      The  formation  also  of 
innnroerablo  microliths  throughout  the  whole  mass  of  the  glass  is  not 
well  paralleled  in  the  instances  of  *'  dry-heat  *'  devitriii cation.     Now 
on  examining  cases  where  we  may  reasonably  conclude  tbat  a  devi- 
trification (in  the  strict  senfie  of  the  word)  haj*  occurred  in  nature, 
we  are  struck  with  certain  structurtd  peculiaritieB,    We  may,  I  think, 
assume  that  the  existence  of  a  perlitic  structure  in  a  rock  is  an  indi- 
cation that  it  has  once  been  a  true  glass.     Isolated  sphemlites  and  a 
well-marked  banded  structure  are,  I  believe,  also  presumptions  in 
favour  of  the  same ;  though  in  the  latter  case  portions  may  have 
assumed  a  crystalline  condition  in  cooling.     If»  then,  we  examine 
elides  of  such  rocks  as  the  devitrifie^l  perlitic  lavas  of  the  Wrckin 
district,  we  observe  that  the  secondary  etructure  presents  certain 
peculiarities.     Not  seldom  it  bears  a  definite  relation  to  the  cracks 
by  which  the  perlitic  mass  is  traversed,    a  thing  not  purprising, 
because  these  cracks,  as  pointed  out  some  years  since  by  myself,  and 
as  indicated  to  you  during  the  present  year  from  another  point  of 
view  by  Mr.  Rutley,  may  have  from  the  very  i\T6t  been  connected 
with  pressures  or  strains  of  some  kind,  and  this  disturbance  of  equi- 
librium could  scarcely   fiiil  to  tell  when  cry st alligation  commenced. 
There  arc,  indeed,  iustances  to  be  found  where  the  depolarization- 
pbcnomena  ordinarily  seen  in  a  coHoid  body  subject  to  strain  seem  to 
have  been  rendered  permanent.  The  devitrification-structures  in  tiiese 
perlitic  rocks  differ  much  from  those  which  I  have  observed  in  any  case 
where  there  was  a  reasonable  probabiUty  of  their  being  the  r««ultol 
the  original  cooling.     It  is  difficult  to  express  it  in  words,  without 
entenng  into  lengthy  and  minute  details  unfitted  for  the  present 
occasion ;   but  I   may  epitomize  them  thus  : — the  elide  throughout 
exhibits  a  peculiar  confusedly  ciystallino  structure,  the  individualized 
minerals  sometimes  being  of  extreme  minuteness.    Tbo  gruund-majas 
appears  to  be  composed  of  a  mixture  of  quartz  and  felspar  ;  but  it  is 
exoeedingly  difficult  to  say  which  haa  been  first  to  eonsolidate,  some- 
times the  one,  sometimes  the  other,  appearing  to  have  hfi4  the  mastery. 
Now  and  then  a  felspar  crystal   exhibits  a  re-ctilinear  boundary, 
but  very  commonly  it  appears  to  granulate  into  the  C]uarti»  and 
sometimes  the  felapathie  mineral  (I  am  doubtful  whether  it  is  a  true 
felspar)  resembles  a  kind  of  residuum  or  *'  sediment,"  left  unused 
when  the  i|uartK  grain  had  formed.     The  latter  mineral  frequently 
occurs  in  little  groups  of  moderal-ely  distinct,  though  crowded  cry stak, 
as  may  be  observed  in  some  cases  of  chalcedonio  formation  in  veins 
and  cavities.     Close  intercrystallizations  of  the  quartz  and  felspars ^ 
leading  to  all  kinds  of  imperfect  J^phernlitic,  miorographic,  and  den- 
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Mtie  stractaie  *,  are  common ;  and  not  seldom  tiny  splieralites  oocnr, 
whether  singly  or  in  crowded  groups,  of  that  indefinite  external 
diameter  already  mentioned.  In  short  we  haye  a  number  of  stmc- 
toree  similar,  so  far  as  I  can  judge,  to  those  figured  by  MM.  Fouqu^ 
and  L^vy  in  their  magnificent  work  '  Min^ralogie  micrographique,' 
plates  zL,  xii.(2),  xiv.,  xy.,  and  xri.  (1):  in  the  last,  I  believe, 
at  any  rate  the  larger  spherulites  are  of  anterior  consolidation.  I  have 
found  characters  more  or  less  similar  prevail  in  the  '^  felstones  " 
heneal^  the  base  of  the  Cambrian  of  North  and  South  Wales,  in  the 
compact  lavas  from  Chamwood,  in  the  more  compact  of  the  Ordovician 
lavas  from  Wales,  and  in  many  other  similar  rocks.  It  is,  in  ^xit, 
generally  found  in  those  "  felstones  "  which  have  a  compact,  smooth, 
and  sometimes  subconchoidal  fracture,  but  hardly  so  much  as  a 
glimmering  lustre. 

Hence  it  appears  to  me  that  the  petrosiliceous  structure  of  the 
above-described  character  is  probably  always  the  result  of  secondary 
devitrification,  in  which  pressure  and  water  (acting  for  a  long  time) 
have  been  more  important  than  heat.  It  has  nearer  relations  to  the 
microgranulitic  structures  found  in  certain  vein-granites  and  intru- 
nye  felstones  than  to  the  trachytoidal  structure  of  lava-flows ;  which 
is  not  surprising,  seeing  that  the  former  structures  have  probably 
been  set  up  under  considerable  pressure  and  in  the  presence  of  water. 
Thus  we  appear  to  have  two  groups  of  structure :  one,  the  trachytoidal 
and  ophitic^  which  are  more  generally  the  results  of  drier  and  less 
constrained  cooling ;  the  other,  the  petrosiliceous,  microgranulitic,  and 
granitoidal,  indicative  of  the  presence  of  some  water  and  the  existence 
of  much  constraint,  the  first  of  these  three  being  probably  almost 
entirely  a  structure  of  secondary  origin ;  for  I  expect  ^at  we  shall  find 
on  further  study  that  we  shall  be  able  to  distinguish  even  the  more 
minutely  microgranulitic  rocks  from  the  truly  petrosiliceous ;  but  on 
this  point  I  will  not  venture  to  speak  at  all  positively,  as  I  have  not 
been  able  to  study  so  many  specimens  of  these  vein-granites  as  I 
should  wish  to  have  done.  Still  I  think  we  may  safely  affirm  that 
tile  majority  of  the  petrosiliceous  rocks  owe  their  sixucture  to  a 
peculiar  form  of  subsequent  devitrification,  and  so,  as  a^t^e^rhyolites, 
obsidians,  and  pitchstones,  belong  more  properly  to  the  metamorphic 
rocks  (of  igneous  ori^). 

I  have  throughout  spoken,  as  I  stated  I  should  do,  with  little 
reference  to  the  work  of  others,  because  I  thought  that  there  might 
be  a  certain  interest  and  advantage  in  presenting  what  I  had  to  say 
from  a  personal  point  of  view,  since  on  nearly  every  point  I  have 
striven  to  form  an  independent  conclusion,  and  often  the  result  of 
many  boms'  work  has  been  condensed  into  a  few  words.  It  has 
been  work,  I  fear  you  wiU  say,  leading  to  little  result ;  but  perhaps 
it»  very  incompleteness  may  suggest  lines  of  research  to  other  workers. 
Another  reason  why  I  have  referred  little  to  the  investigations  of 
others  is,  that  in  each  case  one  ought  in  justice  to  be  sure  of  naming 
the  origmal  observer.    Now  to  do  this  would  have  involved  much 

*  I  uBe  the  last  tenn  for  want  of  a  better  name  to  express  cases  where  the 
mineralB  resemble  crowded  branches  or  rootlets.  ^-^  I 
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additional  labour,  of  a  kind  tinpro^tuble  to  one^s  self.  The  great 
demands  made  upon  my  time  for  the  last  four  years  by  duties  only 
indirectly  connected  with  science  have  compelled  me  to  be  a  little 
&eliish,  and  have  precluded  me  from  the  careful  study  of  a  good  deal 
of  contemporary  literatiire,  now  becoming  fearfully  voluminous.  But 
I  cannot  conclude  without  etating  how  much  I  owe  to  ma.ny  fellow - 
workers— to  Daubree,  Fouque  and  Levy,  in  France,  to  Henard  in 
Belgium,  to  Vogelsang,  Eoseubusch^  and  Zirkel,  in  Germany,  t4> 
many  Americana,  above  all  Wadsworth  and  Button,  and,  in  our  own 
couutry,  to  Sorby,  Phillips,  Teall,  Judd,  and  Allport ;  all  of  these 
last  named  have  aided  me  in  every  possible  way,  freely  furnishing 
mo  with  specimens  and  frankly  imparting  to  me  their  own  ideas. 
To  the  last,  Mr,  8,  Allport,  I  feel  myself  under  a  special  obligation. 
Fourteen  years  figo,  when  I  began  to  study  tlje  microscopic  structiu'e 
of  rocks,  there  were  few  books  and,  in  England,  very  few  petrologists, 
Mr,  Allport  had  already  more  than  mastered  the  preliminary  diiB- 
cuJtios,  and  had  got  together  a  fine  coUection  of  rock-slides,  his 
owo  handiwork.  This  collection  and  all  that  be  knew  were  at  my 
service  whenever  1  could  visit  Birmingham.  To  him  I  used  to  carry 
my  peqjlexities,  and  from  him  I  got  that  help  which,  in  my  new 
stage  of  work,  was  invaluable,  I  can  say  with  truth  that  had  it  not 
been  for  his  assistance,  as  well  as  your  indulgence,  1  might  never  havu 
attained  to  the  honour  of  addressing  you  from  this  chair. 
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February  25,  188^  ^,  \  "*^ 

Prof.  T.  G.  BoFKET,  D.Sc.,  LL.D.,  F.R.8.,  ftres^^nfc,  in  tlie  cWr. 

Bennett  Hooper  Brough,  Esq.,  Assoc.*  R-S.^S^h.^  ftoberfc  Street, 
Addphi,  W.C. ;  Parvati  Nath  Datta,  Esq.,  10  Blackwood  Crescent, 
Edinburgh ;  Robert  Stansfield  Herries,  Esq.,  B.A.  Cambr.,  53  War- 
wick Square,  London,  S.W. ;  William  Herbert  Herries,  Esq.,  B.A. 
Cambr.,  Shaftesbury,  Te  Aroka,  Auckland,  New  Zealand;  Rev. 
Edward  Jordon,  Ravenscroft  Park,  High  Bamet,  N, ;  Lees  Knowles, 
Eaq.,  M.A.,  LL.M.,  Westwood,  Pendlebury,  near  Manchester ;  and 
William  Hobbs  Shrubsole,  Esq.,  Sheemees,  were  elected  Fellows  of 
Ae  Society. 

The  List  of  Donations  to  the  Library  was  read. 

The  following  communications  were  read  : — 

1.  "On  a  Dredged  Skull  of  Ovihos  moschatus."  By  Prof.  W. 
BoydBawkins,  M.A.,  F.R.8.,  F.G.S. 

2.  «0n  Fulgurite  from  Mont  Blanc."  By  Frank  Rutley,  Esq., 
F.G.8. 

3.  "On  Brecdated  Porfido-rosso-antico."  By  Frank  Rutlev, 
Eeq.,F.G.8. 

4.  *^  Fossil  Cydostomatous  Bryozoa  from  Aldinga  and  the  Riyer- 
Murray  Cliflfe,  South  Australia."    By  Arthur  Wm.  Waters,  Esq., 

The  following  objects  were  exhibited  : — 

Specimens,  exhibited  by  Frank  Rutley,  Esq.,  F.O.S.,  in  illustra- 
tion of  his  papers. 

A  collection  of  stone  implements  and  two  cut  bones  from  the 
neighhourhood  of  Reading,  Berks,  exhibited  by  0.  A.  Shrubsole, 
%,F.G.8. 

Two  old  oil-paintings  of  Vesuvius  in  eruption,  exhibited  by 
6«orge  Ellis,  Esq. 


March  11,  1885. 
^wrf.  T.  G.  BoMiY,  D.8o.,  LL J).,  F.R.8.,  President,  in  the  Chair. 
William  Lester,   Esq.,  J. P.,    Bron  Offa,   near  Wrexham,   and 
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Thomiifl   Stewart,   Esq.,  Arsoc.  M.  Inst  C*E,,   Capo   Town^  were 
elected  Follows  of  the  Society. 

The  List  of  Donations  to  the  Library  was  read* 

The  following  commiinicatioiia  were  read : — 

L  "The  Granitic  and  Bchistose  Rocks  of  Northern  Donegal" 
By  €,  Callaway,  B.So,,  F.G.S, 

2.  **  On  Hollow   8phenilitos   and   their   occurrence   in    ancient 
British  LavaB.^*     By  Grenvilie  A.  J,  Cole,  Esq.,  E,G.B. 

Kock  specimens  and  microscopic  sections  were  exhibited  by  Dr. 
Ciillaway  and  Mr.  GrenTille  Cole  in  illustration  of  thoir  papers. 


March  25,  1885. 

Prof.  T.  G.  BoFNiiT,  D,Bc.,  LL.D.,  F.R.S.,  President,  in  the  Chair. 

Charles  De  Lanne  Faunce  de  Laune,  Esq.,  F.L.S,,  Sharstcsd  Courts 
Sittingboume,  Kent;  and  William  Hill,  Esq,,  Jiin.,  Ilie  Maples, 
Hitehin,  HerN,  were  elected  Follows  of  the  Society. 

The  List  of  Donations  to  the  Library  was  read. 

The  following  commumcationB  were  read  ; — 

1,  "On  the  RelationBhip  of  Uhdendron^  Lindley  and  Hutton,  to 
Lejfiflod^ndroH^  Sternberg,  BoikroJendron^  Lindley  and  Hutton, 
SigiUaria^  Brongniart,  and  Bhtftidoileiidron^  Boulay."  By  Robert 
Kidston,  Esq.,  F.G.S. 

[Abstract  ♦.] 

The  Author  commenced  by  expressing  an  opinion  that  the 
so-called  genu«  UltMlnidrmi  of  Lindley  and  Hutton  com^irised 
specimens  bolonpng;  to  t;everal  species  which  wore  referred  to 
different  genera.  Unless  the  outer  surface  of  the  bark  is  well 
preserved,  stems  of  Clathrarian  Sitplhiria-  and  Lepidod^idra  are 
undistinguisbable ;  but  species  of  Uhdtndron  have  been  in  several 
cases  founded  on  decorticated  examples,  and  distinguished  by  such 
characters  as  the  size  of  the  Ulodendroid  scar.  The  three  species 
which  have  furnished  most  of  the  specimens  described  as  Uloden- 
dron,  and  to  the  description  of  which  the  present  paper  was  chiefly 
devoted,  are  Leindmlcndron  Vtltheimianum^  Stemb.,  SiffillAir-ia  di$~ 
caphorn^  Konig,  sp,  {==^U.  majus  and  £7.  twrnu^,  Lindl.  &  Hutt,),  and 
S,  Tatfhri^  Carruthers,  sp. 

*  Thfft  paper  ba«  been  withdrawn  by  permiwrion  of  the  CoimciL 
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The  Bubject  of  the  paper  was  divided  into  four  heads.  In  the 
first  an  epitome  of  the  views  of  previous  writers  on  Ulodendron  was 
given.  The  writers  noticed  were  Steinhauer,  Rhode,  Allan,  Konig, 
Sternberg,  Brongniart,  lindley  and  Hutton,  Buckland,  Hooker, 
Sauveur,  Unger,  Goppert,  Tate,  Geinitz,  Goldenberg,  Miller,  Eich- 
wald,  Macalister,  Dawson,  Carruthers,  Hohl,  Schimper,  Weiss, 
Williamson,  Feistmantel,  Star,  Thomson,  Zeiller,  Lesquereuz,  and 
Benanlt.  In  the  second  part  the  Author  described  the  specimens 
belonging  to  the  species  named  that  he  had  been  able  to  examine. 

The  third  part  contained  the  general  conclusions  as  to  the  nature 
of  Ulodendron  at  which  he  had  arrived.  He  commenced  by  defi- 
ning the  four  genera  Lepidodendron,  Lepidophloios^  SigUlaria,  and 
Ekytidodendron^  as  distinguished  by  the  characters  of  their  leaf- 
scars,  and  showed  ihoX  Lepidodendron^  SigiUaria^  and  Bhytidodendron 
occasionally  exhibit  large  scars,  arranged  in  two  opposite  vertical 
rows.  These  are  the  Ulodendroid  scars.  They  marked,  in  the 
Author's  opinion,  the  point  of  attachment  of  a  caducous  appendicular 
organ,  which  had  in  a  veiy  few  cases  been  found  in  position. 
These  appendicular  organs  were  probably  sessile  cones.  Details 
were  given,  showing  the  progressive  development  of  the  scars,  the 
obliteration  of  the  normal  leaf-scars  by  the  appendicular  organs, 
and  the  branching  of  Ulodendroid  steins. 

The  concluding  portion  of  the  paper  contained  the  synonymy  at 
length  and  fiill  descriptions  of  the  three  fossil  plants,  Lepidodendron 
Vdtheimianum^  SigiUaria  discophora^  and  S,  Tayloriy  together  with 
the  horizons  and  localities  in  which  they  have  been  found  in  Britain. 
Bothrodendron  was  shown  to  be  a  decorticated  form  of  Ulodendroid 
stem,  and  Knorria  a  cast  of  the  core  of  Lepidodendron. 


Discirssioir. 

Mr.  Cabritthebs,  after  expressing  his  sense  of  the  value  of  the 
paper,  remarked  upon  the  difficulty  of  finding  characters  of  real 
importance  for  grouping  fossil  plants ;  hence  fossil  species  and  genera 
are  based  on  very  different  data  from  those  of  recent  plants.  All 
the  essential  characters  of  the  Carboniferous  LycopodiacefiB,  for 
example,  may  be  found  in  the  recent  genus  Selaginella,  AVhen 
he  hunself  wrote  on  the  subject  he  merely  accepted  the  cha- 
racters of  Ulodendron^  and  his  only  important  difference  from  the 
Author  was  as  to  the  oi^ans  borne  by  the  Ulodendroid  soars. 
There  was  a  difficulty  in  the  way  of  accepting  them  as  cones  in  the 
fact  that  the  scar  is  surrounded  by  a  ring  or  distinct  cicatrix  where 
tiiere  was  a  connexion  of  tissue ;  if  so,  impressions  of  leaves  within 
the  soar  could  not  be  left.  All  the  marlangs  on  the  lower  portion 
of  the  scar  are  drcular,  indicating  the  places  where  vascular  bundles 
passed  through.  In  the  upper  part  they  are  drawn  out.  Hence 
he  had  considered  the  organs  borne  by  these  seems  as  aerial  roots, 
such  as  occur  in  the  Sdaginellce  of  the  present  day,  allied  to  the 
Lyoopods  of  the  Coal-measures.     The  important  point  is,  whether  the 
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marks  on  the  scar  are  marks  of  leaves  or  marks  of  bundles.  Pro- 
bably these  scars  are  found  in  different  genera,  but  the  scars  may 
be  of  as  great  importance  as  the  leaf-scare  themselves  for  grouping 
the  plants  in  genera.  He  thougM  the  cushions  and  permanent 
leaf-bases,  as  in  some  living  Cycada  aiid  Lycopods,  were  parts  of 
th6  leaf,  not  parts  of  the  stem. 

Prof,  BofD  Dawkijis  said  that  he  had  a  large  collection  of  Ct)al~ 
plants  under  hie  charge  in  the  Manchester  Museum,  inclurling  forms 
similar  to  those  exhibited  by  the  Author.  This  collection  throws 
much  light  upon  Lepidodendroid  plants,  and  he  agreed  with  the 
Author  08  to  the  propriety  of  classing  together  the  various  forms  of 
Lcpidodendra  and  SigiUarict,  Prof.  Williamson  regarded  all  the 
speeies  named  as  merely  forms  of  lepidodendroid  plants.  He  wa» 
inclined  to  regard  the  Ulodendroid  scarw  m  impressions  of  seed* 
©ones,  and  not  of  aerial  roots,  because  on  the  best  specimens  of 
these  scars  there  are  impressions  of  whorls  of  leaves  or  modified 
leaves*  In  these  plants  the  bark  consists  of  several  layers  ;  heuc^* 
arise  the  various  patterns  exhibited,  which  have  led  to  tJae  estab- 
lishment of  different  genera. 

Prof.  Sbeley  said  that  in  former  yearj^  he  had  worked  through 
some  collections  of  Coal-iilants.  If  (liodtndrou  were  a  good  genus, 
then  the  internal  ditltrence  of  structure  between  SifjiUanu  and  Le- 
pi'dodtndron  could  not  be  general.  The  character  of  Uhdendrmi  is 
apparently  of  not  less  value  morphologically  than  the  form  of  the 
leaf-scar.  And,  whatever  the  Ulodaidron  structure  implied,  Ulo- 
dendroid scars  had  been  described  by  M*Coy  in  a  slightly  modified 
Sigillarian  trunk,  ninning  rouud  the  stem  instead  of  verticallv- 
M*Coy  thought  that  they  were  the  places  of  attachment  of  rootlets. 
The  phenomena  seemed  to  be  in  favour  of  the  development  of  fniit- 
orgaus,  and  not  of  roots  from  the  Ulodendroid  scars. 

The  Author,  in  reply,  remarked  on  the  generic  distinctions  be- 
tween the  leaf-scars  of  Lepidodtmlron  and  Sifjilhwldt.  Tlie  constancy 
of  leaf-scarii  throughout  the  plants  shows  that  tliere  are  real  generic 
distinctions  between  them.  Some  of  the  specimens  exhibited 
showed  the  mode  of  attachment  of  the  appendicular  organ,  and 
these  could  not  be  scare  of  apj^endicular  roots,  because  they  contain 
markings  due  upparently  to  leaves.  The  parti cidar  specimen  on 
which  Mr.  Carrntbcrs  mainly  founded  his  notion  of  aerial  roots  was 
not,  in  the  Author's  opinion,  Ulodendroid  at  all.  The  genus  Arthro- 
pihiM  ?,  dewribed  by  M^Coy,  was  founded  on  a  badly  preserved  com- 
presised  stem, 

2.  "On  an  filmost  perfect  Skeleton  of  Rhytiim  (fig(t»  =  Bhtftma 
S/(?^^  ri  (' t^tiller^s  Sea-cow ' )  obtained  by  Mr,  Robert  Darn  on,  F.O.S., 
from  the  rieistocfne  Pent- deposits  on  Behring's  Island:*'  By 
HeBry  Woodward,  LL.D.,  F.R.8.,  F.G.S. 

Tlie  following  specimens  were  exliibited  : — 

Recent  skulls  of  male  and  female  Dngong  {Halicort  auBtmlis)  and 
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Bkull  oi  Manatus  seneyaUnsis^  also  casts  of  bones  of  the  extinct 
Bhytina  from  Behring^s  Island,  exhibited  by  Dr.  Henry  Woodward, 
F.B.S.,  E.G.S.,  in  illustration  of  his  paper. 

A  collection  of  plant-remains,  exhibited  by  R.  Eidston,  Esq., 
F.G.S.,  in  illustration  of  his  paper. 

Photographs  of  Ekismoiherium  from  Post-Tertiary  deposits  at 
N^oYOUsenk,  Gov.  Samara,  Russia,  exhibited  by  Dr.  Henry  Wood- 
ward, F.R8.,  F.G.8. 


April  16,  1886. 

Prof.  T.  G.  BoHHBT,  D.Sc.,  LL.D.,  F.R.S.,  President,  in  the  Chair. 

John  Rudd  Leeson,  M.D.,  CM.  (Edin.),  M.R.C.S.  Eng.,  6  Copthall, 
Twickenham,  Middlesex,  was  elected  a  Fellow  of  the  Society. 

The  List  of  Donations  to  the  Library  was  read. 

The  Secretary  announced  that  a  £it-cat  portrait  of  the  late  Sir 
Henry  De  la  Beche,  painted  in  oil-colours  by  H.  W.  Pickersgill, 
R4..,  had  been  presented  to  the  Society  by  the  President ;  and  that 
Messrs.  Maull  and  Fox  had  presented  146  copies  of  photographs  of 
Fellows  of  the  Society. 

The  following  communicaiions  were  read : — 

1.  ^^A  General  Section  of  the  Bagshot  Strata  from  Aldershot  to 
Wokingham."    By  the  Rev.  A.  Lrving,  B.Sc,  B.A.,  F.G.S. 

2.  ''  Notes  on  the  Polyzoa  and  Foraminifera  of  the  Cambridgb 
Greensand."  By  G.  R.  Vine,  Esq.  (Communicated  by  Thomas  Jes- 
son,  Esq.,  F.G.S.) 

[Abstract.] 

After  commenting  on  the  want  of  published  information  con- 
cerning the  Polyzoa  of  the  Cambridge  Greensand,  as  shown  by  the 
fact  that  none  are  mentioned  in  Mr.  Jukes-Browne's  list  of  the  fossils 
(Quart.  Joum.  QeoL  Soo.  xxxi.  p.  306),  the  author  proceeded  to 
explain  the  circumstances  under  which  he  had  been  entrusted  with 
the  whole  of  Mr.  T.  Jesson's  collection  from  the  coprolite-bed  for 
description.  The  collection  is  large  and  important,  and  the  Polyzoa 
contained  in  it  exhibit  a  facies  distinct  from  that  of  the  Jurassic  beds 
on  the  one  hand  and  of  the  Upper  Chalk  on  the  other.  There  is  but 
Httle  similarity  between  the  collection  now  described  and  the  forms 
known  from  Warminster  and  Farringdon.  The  majority  of  the 
Cambridge-Greensand  Polyzoa  occurred  unattached  to  any  matrix ; 
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but  sereral  examples  of  attachment  hare  been  observed,  chiefly  to 
Oifr«a,  Madiolites,  and  species  of  Cid^ris. 

A  list  showing  the  range  of  the  species  described  preceded  the 
actual  descriptions  of  the  following  kinds  of  Polyzoa  and  Forami- 
nif era,  with  notes  on  their  relations  &c.     It  included ; — 


POLTZOA. 


Stornatoporn  gradlin,  Milne-Edw. 
Idmonea  dormta,  Haf^enow, 
Entnlophora  ranporo,  UOrh. 

J««soiiiij  sp,  HOT, 

- —  atrifltopora,  sp.  nor. 
— —  gigantopora,  «p.  no  v. 
DiaBtopora  cretnoca,  Vine. 

^—' ,  Tar.  Uneata,  Taj,  hot, 

fi»cuiida,  ap-  hot. 

meg&lopora,  »p.  qof. 


Lichen opr>r a,  ^p. 
—  ?  pflui^ipora,  Vine. 
Droraopora  stellatav  Ooldfu^B. 

polyloxia,  Haymow. 

O&eullpora  plobeift,  MtvaU. 

Truucatula,  sp. 

Membraoipom  cantabrigiensis,   sp. 

noT. 
Microporella,  ap,  (?antiqimlA). 
Limularia  aretoioea,  B^r.  ^  uOrb. 


FoRAJOlfTFEKA, 


Webbina  lfed»,  Soikts. 
—-  tuberculata,  SolinJt. 


Troohammina  irregular 1 8  ?,  If  Orb, 
Textulario*  ep. 


The  following  speeimena  were  exhibited  ; — 

Specimens  exhibited  by  the  Kev,  A.  Irring,  F,G,S.,  and  G.  R, 
Vine,  Esq,,  in  illimtration  of  their  papers. 

Hand-worn  stones  from   Hokitika,  New  Zealand,  exhibited   by 
W.  B.  CampbeU,  Esq,,  F.G.S. 

Specimens  illuatrating  the  paper  lately  read  by  J.  H.  Collins, 
Esq.,  F-O.S.,  on  the  Rio  Tinte  district* 


April  2%,  1885, 

Prof.  T.  G.  BoHHET,  D.Sc,  LLJ>.,  F.R.S.,  President,  in  the  Chair. 

^B  James  Backhouse,  Esq.,  West   Rank,  York;    Percy    Bofiworth 

^1  iSmith,  Esq*,  Assoc.  R.8.M,,  Goveniinent  Mineralogist  to  tlie  Madras 

^H  Presidency,  Madras;  and  James  Shipman,  Esq,,  8  Manning  Grove, 

^B  The  Chase,  Nottingham,  were  elected  Fellowa  of  the  Society. 

L 


The  List  of  Donations  to  the  Library  was  read. 

The  following  communications  were  read : — 

1.  '*  On  the  Structure  of  the  Ambtilacra  of  some  FoasO  Genera 
and  Species  of  Eegular  Echinoidca.*'  By  Prof.  P.  Martin  Duncan 
M.B.  (LondO,  F.R.S.,  V.P,  Linn.  Soc,  F.G.S* 
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2.  ''The  Glacial  Period  in  Australia. "  By  B.  von  Lendenfeld, 
Ph.D.  (Communicated  by  W.  T.  Blanford,  LL.D., F Jl.S.,  Sec.  G.S.) 
[Abstract.] 

Altiioogh  several  previous  writers  have  suggested  that  boulders 
uid  gravels  found  in  different  parts  of  Australia  are  of  glacial  origin, 
the  evidence  is  vague,  and  no  clear  proof  of  glaciation  has  been 
brought  forward.  During  a  recent  ascent  of  the  highest  ranges  in 
Australia,  parte  of  the  Australian  Alps,  the  author  succeeded  in 
diseovering  a  peak  which  he  named  Mount  Clarke,  7256  feet  high, 
and  in  finding  traces  of  glaciation  in  the  form  of  roches  moutonnSes 
throughout  an  area  of  about  100  square  miles.  The  best-preserved 
of  the  ice-worn  surfaces  were  found  in  a  valley  named  by  the  author 
the  Wilkinson  Valley,  running  from  N.E.  to  S.W.,  immediately  south 
of  Miiller's  Peak  and  the  Abbot  Range.  No  traces  of  ice-action 
were  found  at  less  than  5800  feet  above  the  sea. 

The  rocks  showing  ice-action  are  all  granitic,  and  the  fact  that 
the  surfaces  have  been  polished  by  glaciers  is  said  to  be  proved  by 
the  great  size  of  such  surfaces,  by  their  occurrence  on  spurs  and 
projecting  pointe,  by  many  of  them  being  worn  down  to  the  same 
general  level,  and  by  their  not  coinciding  in  direction  with  the  joints 
that  traverse  the  rock. 

In  conclusion  the  author  briefly  compared  the  evidence  of  glacial 
action  in  Australia  with  that  in  New  Zealand. 

DiBonssiON. 

The  Pbbsibent  said  that  he  considered  that  more  evidence  was 
necessary  in  order  te  esteblish  the  point  contended  for  by  the 
aathor.  All  his  proofs  were  founded  on  granite,  which  had  a  con- 
stant tendency  to  form  rdunded  bosses.  "Hie  fact  that  the  supposed 
Toeha  mouUmnees  occurred  on  spurs  rendered  the  matter  still  more 
doubtful,  seeing  that  in  small  glaciated  tracts  such  surfaces  were 
chiefly  found  in  valleys.  It  was  a  remarkable  and,  to  him,  a  very 
suspicious  fact  that  no  moraines  or  perched  blocks  were  noticed.  In 
&ct  the  only  point  of  importance  adduced  in  favour  of  the  author's 
view  seemed  to  be  the  difference  in  the  direction  of  the  joint-planes 
and  of  the  rounded  surfaces,  and  this  he  thought  insufficient. 

Mr.  Blaitfobd  agreed  with  the  President,  and  mentioned  examples 
of  the  occurrence,  in  the  plains  of  India,  where  glaciation  was  out 
of  the  question,  of  granite  surfaces  simulating  roches  moutonnies,  and 
of  larger  dimensions  than  those  cited  by  the  author.  It  seemed  to 
him  not  impossible  that  Dr.  von  Lendenfeld  was  right;  but  the 
evidence  brought  forward  was  certeinly  not  sufficient.  The  circum- 
stance most  in  favour  of  a  glacial  origin  for  the  supposed  roches 
moutonnies  was  their  restriction  to  a  particular  elevation. 

3.  "  The  Physical  Conditions  involved  in  the  Injection,  Extrusion, 
and  Cooling  of  Igneous  Matter."  By  H.  J.  Johnsten-Lavis,  M.D., 
P.G.8.,  &c. 

[Abstract*.] 
The  great  disproportion  between  the  displays  of  volcanic  activity 
*  This  pcper  has  been  withdrawn  by  permission  of  the  Council. 
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in  tbe  same  volcano  at  different  times,  and  betwecE  the  eraptions 
of  different  volcanoes,  is  a  subject  deserving  the  most  attentive  ooa- 
sidenition.  The  violence  of  a  volcanic  outburst  does  not  bear  any 
relation  to  the  quantity  of  material  ejected.  The  union  of  water 
with  lavus  may  be  compared  with  the  solution  of  a  gas  in  water ; 
hut  there  is  reason  to  believe  that  in  their  deep-seated  sources  Uvae 
contain  little  or  no  water.  If  igneous  matter  he  extruded  through 
dry  strata,  the  eruption  might  take  place  without  explosive  manifes- 
tations. But  if  igneous  matter  be  extruded  through  water-bearing 
beds,  a  Hud  of  dialyuig  would  take  place  between  the  igneous  and 
aqueous  masses.  The  amount  of  water  dissolved  in  the  magma  will 
be  proportional  to  the  length  of  time  it  is  in  contact  with  the  aqui- 
ferous strata,  the  pressure,  and  the  temperature  of  the  tiuid  rock  ; 
the  violence  of  the  eniption  will  depend  ujion  the  amount  of  igneous 
matter,  the  quantity  of  water  dissolved  in  it,  and  its  temperature 
when  it  reaches  the  surface. 

The  intmsion  of  igneous  matter  into  dry  or  nearly  dry  strata^ 
the  temiK*rafcure  and  bulk  of  the  magma  will  determijie  whether  a  J 
sahlband  is  formed,  or  formed  and  re-fused,  whether  the  rock  cooU 
quickly,  forming  a  fine-grained  structure,  or  very  slowly,  in  which 
the  result  would  bo  a  coarse  granite  or  syenite,  according  to  the 
composition  of  the  magma. 

The  author  showed  how  the  cleavage-  and  stratification-planes  «f 
rocks  are  suitable  to  the  retention  of  subterranean  heat.  Intmsion 
of  igneous  matter  into  water-bearing  strata  was  then  studied,  and  it 
was  shown  that  a  process  of  dialysis  goes  on  between  the  colloidal 
magma  and  the  water  in  the  porous  strata,  resulting  in  many  inter- 
esting phenomena.  The  loss  of  heat  in  the  magma  from  the  ab- 
sorption of  water  will  be  little,  and  only  that  necessary  to  raise  the 
water  to  its  own  teraperature.  It  was  shown  how  this  absorption  of 
water  will  result  in  the  rupturing  of  the  fissure  towards  the  surface  ; 
and  the  mechanism  of  a  certain  group  of  earthquakes  was  investi- 
gated. The  occurrence  of  vesicular  structure  in  dykes  was  discussed  ; 
the  mode  of  formation  and  probable  process  of  re-obhteration  is 
dependent  upon  the  variation  in  pressure,  temjierature,  &c.  resulting 
from  the  enlargement  of  the  fissure.  It  was  then  shown  that  the 
eeoling  of  a  dyke-mass  will  depend  on  the  following  conditions : — 

(a)  Lobs  of  heat  from  conduction  away  by  the  surrounding 

rocks. 
{&)  Raising  the  ae quired  water  to   the  mean  temperature  of 

the  fluid  of  the  fused  silicates  in  which  it  is  dissolved, 

(c)  Heat-loss   in  consequence  of  expansion  during  extension 

of  fissure. 

(d)  Gradual  escape  of  water  in  the  form  of  steam  or  vapour 

through  fissures,  so  supplying  fumarolcs. 
(c)  Convection -currents  of  water  fonning  geysers  or  thermo- 
mineral  springs. 

The  author  com  batted  the  theory  that  the  simple  contact  of  the 
molten  rock  with  water-bearing  strata  m  the  cause  of  an  eruption^ 
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The  extronon  or  emption  of  igneous  matter  into  the  atmosphere 
was  then  studied,  and  it  was  shown  that  one  of  the  irregularities  in 
ernptiTe  activity  is  dne  to  the  varying  conditions  which  different  parts 
of  the  magma  have  undergone  before  reaching  the  surface.  The 
main  varieties  of  volcanic  outbursts  were  discussed :  the  violence  is 
dependent  upon  the  amount  of  magma  and  its  contained  water, 
w&sh  on  relief  of  pressure  expands  with  enormous  rapidity,  tending 
to  reduoe  the  whole  mass  to  100°.  This  process  in  explosive  erup- 
tionB  accounts  for  the  pumice  and  the  vitreous  structure  of  this  type 
of  eruption.  The  remarkable  feust  that  the  pumic^beds  resulting 
from  any  basic  explosive  eruption  are  vitreous  towards  the  bottom 
and  beonne  more  crystalline  as  we  approach  the  surface,  was  shown 
to  be  due  to  the  slower  cooling  in  consequence  of  less  absorption  of 
heat  in  converting  water  into  steam  as  the  eruption  progresses. 

The  various  conditions  which  bring  about  the  extinction  of  a  vol- 
«ano  were  then  pointed  out.  The  higher  the  volcano  the  more  violent 
will  be  its  eruptions  ;  but  the  intervals  will  be  greater.  The  mecha- 
nism  of  a  lateral  outburst  was  then  demonstrated.  The  amount  of 
lava  escaping  from  a  given  point  laterally  is  far  more  than  that 
eomtained  in  the  chimney  above,  which  is  due  to  the  welling-up  of 
the  portion  below  when  relieved  from  the  pressure  of  the  column 
tiiat  occupied  the  upper  part  of  the  chimney. 

The  discussion  of  the  effect  of  the  presence  of  volatile  matter 
in  modifying  the  composition  and  structure  of  igneous  rocks  is  so 
long  and  intricate  that  it  is  impossible  to  render  it  in  abstract ;  the 
eruptive  j^iases  of  Monte  Somma,  Boccamonfina,  Monte  Vulture, 
Y^totene,  and  Monte  Nuovo  are  given  as  examples.  The  difference 
of  the  rocks  produced  will  depend  on — 

(a)  Composition  of  the  original  magma. 

(6)  Pre-emptive  temperature  of  the  same. 

(e)  Amount  of  enclosed  volatile  matter. 

{d)  Amount  of  pre-emptive  crystallization. 

(e)  Eapidity  of  ejection. 

(/)  Height  of  projection. 

(g)  Temperature  of  the  atmosphere. 

In  the  first  appearance  of  a  volcano,  or  the  reawakening  of  one, 
ritreous  pumiceous  fragmentary  products  first  appear,  and  pass  by 
way  of  mpre  microcrystalline  pumice,  pumiceous  scoria,  to  actual 
lava  ontfiows.  Scoria  differs  from  pumice  in  that  the  vesicular 
structure  is  derived  from  other  portions  of  the  magma,  whereas  in 
pumice  it  is  formed,  where  found,  by  the  intermolecular  expansion 
and  miion  of  the  resulting  steam  into  bubbles.  Yesicularity  of 
lavas  depends  upon  the  amount  of  dissolved  water  and  the  viscosity 
of  the  mass. 

Volcanic  ashes  are  the  result  either  of  the  complete  reduction  of 
the  magma  to  a  powder  by  the  enormous  and  rapid  expansion  of  tlie 
magma  in  explosive  eruptions,  or  of  the  grinding-up  of  the  accessory 
ejectamenta  derived  from  the  crater-sides  or  from  accidental  ejecta- 
menta  that  may  lie  beneath  the  volcano,  and  into  which  the  apex . 
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of  the  crater  may  reacli.  In  no  case  can  an  tinalysia  of  asb  give 
an  accurate  idea  of  the  composition  of  the  magma. 

The  Btmcture  and  composition  of  igneous  rocke  were  next  dia- 
enssed.  It  was  shown  that  such  minerals  as  amphibole,  orthoclase, 
and  Bomo  micas  aro  pro-eruptive  aa  to  crystallization,  whereas  leu- 
cite  and  itB  allies,  with  pyroxene,  are  either  formed  in  dykes  under 
low  pressure  or  by  prolonged  recuit  in  the  volcanic  chimney,  or  after 
expulsion.  Tlie  order  of  formation  of  these  minerals  is  quite  diffe- 
rent from  their  fusibilities,  because  they  may  be  regarded  as  dissidvod 
in  the  magma,  and  separate  according  to  their  degree  of  golubility 
in  the  glassy  magma  and  according  to  the  different  elements^  their 
proportions,  and  their  affinities.  The  part  ]jlayed  by  the  chlorides 
and  sulphates  as  solvents  of  silit-ates  was  discussed,  and  it  was  shown 
how  by  their  decomposition  the  hydrochloric  and  sulphuric  acids 
escape  in  the  volcanic  vapour,  and  how  the  bases  may  aid  in  render- 
ing the  magma  more  basic.  These  facta  are  borne  out  in  the  arti- 
ficial production  of  rocks  and  minerals. 

The  author  maintained  that  throughout  the  whole  paper  bis 
arguments  were  based  on  known  facts  and  physical  laws. 

Discussion. 

Prof.  PuESTWicH  was  inclined  to  agree  with  the  author  in  bis 
view  that  the  contact  of  heated  lava  with  water-bearing  strata  was 
an  efficient  cause  of  volcanic  activity^  but  on  some  other  points  he 
could  not  agree  with  him. 

The  following  specimens  were  exhibited  : — 

Specimens  of  Eciii nod erras  showing  the  structure  of  the  ambulacra, 
exhibited  by  Prof,  P.  Martin  Duncan  in  illustration  of  his  paper. 


May  13, 1885. 
Prof.  T.  G.  BoNKET,  D.Sc,  LLD.,  F.R.8.,  President,  in  the  Chair, 

William  Ilorton  Ellis,  Esq.,  J. P.,  Haitwell  House,  Pennsylvania, 
Exeter,  and  Prof.  J.  Hoyes  Panton,  31. A.,  Agricultural  Collegia, 
Guelph,  Ontario,  were  elected  Fellows;  and  Prof*  J*  Gosselet,  of 
Lille,  a  Foreign  Member  of  the  Hociety. 

The  List  of  Donatioiis  to  the  Library  was  read. 

* 
The  Secretary  announced  that  Dr.  John  Evans,  F.R.8.,  F.6,8., 
had  presented  a  copy  of  his  photographic  portraiti. 

The  following  communications  were  read  : — 

L  "On  the  Ostracoda  of  the  Purbeck  Formation;  with  Notes 
on  the  Wealden  Sx>ecies;*  By  Prof.  T.  Rupert  Jones,  F,R.a, 
F,G.S. 
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2.  "Evidence  of  the  Action  of  Land-ice  at  Great  Crosby,  Lanca- 
shire."   By  T.  Mellard  Eeade,  Esq.,  F.R.S. 

3.  "The  North-Wales  and  Shrewsbury  Coal-fields."  By  D.  C. 
Danes,  Esq.,  P.G.S. 

.       [Abstract*] 

After  discussing  the  origin  of  Coal-beds,  and  the  causes  of  their 
rariation  in  structure  and  quality,  the  author  proceeded  to  describe 
the  North  Wales  and  Shrewsbury  Coal-field,  which  consists  of  three 
parts: — (1)  The  Shrewsbury  field  south  of  the  Severn,  exclusively 
C(HQposed  of  Upper  Coal-measures;  (2)  the  tracts  north  of  the 
Severn,  extending  from  near  Oswestry  to  north  of  Wrexham ;  and 
(3)  the  Flintshire  Coal-field.  The  first  and  second  are  separated 
torn  each  other  by  the  alluvial  plain  of  the  Severn  and  Vymw}% 
and  the  second  and  third  by  the  Great  Bala  and  Yule  faults. 

Some  remarks  on  the  scenery  of  the  Welsh  border-land  followed, 
and  then  a  general  section  of  the  Carboniferous  sy8tem,a8  developed 
in  the  country  described,  was  given,  the  Permian  beds  being  in- 
dnded,  as  the  Author  considered  them  the  upper  portion  of  one 
great  division  of  Palaeozoic  time.  The  section  was  as  follows,  with 
the  maxiinum  thickness  of  each  subdivision : — 

Thickness  in  yards. 

1.  Dark  red  Sandstone 210^ 

2.  Ifton  or  St  Martin's  CJoal-meaaures 75  I  d«-«»;„«  r;Qn«owi« 

a.  Bed  maris  with  calcareous  matter 180  f  ^«^*«'  590yards. 

4.  Oreen  rocks  and  Conglomerates    125  J 

5.  Upper  Coal-measures 80^ 

G.  Cein  rock  to  Oefn  coal    100    ^^  ,  ^^o,.«. 

7.  Ccfii  coal  to  Lower  yard-coal 270  K^^'JS^^ 

8.  Lower  yard-coal  to  Chwarcle  coal 80  «>oyaras- 

a  Oiwarde  coal  to  Millstone  Grit    135; 

1255  yards. 

A  detailed  description  of  the  strata  was  next  given,  beginning 
with  the  lowest,  tc^ther  with  details  of  each  coal-seam  as  worked 
in  various  parts  of  the  field.  After  describing  the  beds  from  the 
MiDstone  Grit  to  the  Cefn  rock  in  the  North-Wales  coal-field,  the 
Author  proceeded  to  notice  the  Upper  Coal-measures  and  Permian 
strata  in  the  Shrewsbury  area,  and  showed  that  no  break  exists  between 
the  two,  the  former  passing  gradually  into  the  latter.  He  then 
discussed  the  probability  of  Lower  Coal-measures  existing  beneath 
the  upper  beds  near  Shrewsbury,  and  showed  from  sections  that  the 
existence  of  the  lower  measures  might  be  anticipated.  A  similar 
inquiry  as  to  the  presence  of  the  Coal-measures  beneath  the  New 
B«d  Sandstone  of  the  Vale  of  Clwyd  should  abo,  in  the  Author's 
opinion,  be  answered  in  the  affirmative. 

The  Clonic  remains  found  in  the  different  beds  were  briefly 
noticed,  and  then  the  faults  of  the  district  were  discussed  at  some 

*  This  paper  has  been  withdrawn  by  permission  of  the  OounciL 
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length.  The  principal  faults  run  north  and  south,  with  an  upthrow  to 
the  east,  but  are  croased  by  liiiea  of  fracture  running  east  and  west. 
In  conelusion,  the  correlation  of  the  striita  in  tlie  North  Wales 
and  Shrewsburj^  coal-iields,  and  especially  of  the  coal-seams,  with 
the  beds  found  in  other  parts  ot  Great  Britain,  was  discuBsed,  and 
a  section  was  given  to  show  the  representation  of  the  different 
measures  in  various  coal-basius.  The  Author  was  disposed  to  adopt 
four  fiubdi visions  rather  than  three  ooly,  as  usually  accepted,  and 
pointed  out  some  of  the  characteriiitics  of  each  subdi vision* 

DiicuBsioif, 

Mr.  Ba^brmah  remarked  that  but  little  attention  bad  hitherto 
been  paid  to  the  interesting  Coal-fields  described  by  the  Author,  to 
whom  thanks  were  due  for  the  careful  sections  whicb  he  had  made 
of  them.  Although  the  yield  of  these  basins  was  not  large  when 
compared  with  those  of  the  north  of  England  and  Bouth  \yales,  they 
formed  part  of  one  of  the  largest  deep*lyiDg  Carboniferous  areas 
in  the  country,  being  the  western  limit  of  the  great  basin  under- 
lying the  plain  of  Cheshire,  He  thought,  however,  that  the 
Author's  correlation  of  the  seams  throughout  the  whole  of  the 
English  Coal-field  (apart  &om  that  of  Northumberland  and  Durham) 
was  somewhat  fanciful.  That  particular  seams,  sa}'  in  the  Wigan 
district,  could  be  proved  to  be  the  exact  equivalents  of  others  m 
Bouth  Wale^,  and  that  both  were  cxactiy  represented  in  interme- 
diate basine,  such  as  the  Forest  of  Wyre,  appeared  to  be  exceedingly 
improbable. 

The  foDowing  speeimens  were  exhibited : — 

Specimens  of  Pnrbeck  Oatracoda,  exhibited  by  Prof,  T.  Kupert 
Jones,  FJl.S.,  F.Cr*S.,  in  illustration  of  his  paper. 

Zinc-spinel  and  willemitej  formed  in  a  zinr-retort,  exhibited  by 
H.  Bauerman,  Esq,,  F.O.S. 


May  27,  1885, 
Prof.  T.  G.  BoHHEY,  D.8c.,  LL,D»  F.ll.S.,  FrBeident,  in  the  Chair, 

George  Ormond  Kekewich,  Esq.,  02  Laiisdowne  Road,  Nottijig 
Kill,  W.,  was  elected  a  Fellow  of  the  Society* 

The  List  of  Donations  to  the  Library  was  road. 

The  Secretary  amionnoed  that  six  slides  of  Fossil  Cyclostomat<m§ 
Bryozoa  from  Muddy  Creek,  South  Australia,  illustrating  the  paper 
in  Q.  J.  G.  B.  vol  xl.  p.  674,  by  A,  W.  Waters,  Esq.,  F.G.S.,  had 
been  presented  to  the  Museum  by  J.  Bracebridge  Wilson,  Esq.,  of 
Geelong,  South  Australia. 
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The  foQowing  oommnnications  were  read : — 

1.  •*  On  the  80-called  Diorite  of  Little  Knott  (Cumberland),  with 
ftirther  Bemarks  on  the  Occurrence  of  Picrites  in  Wales."  By  Prof. 
T.  G.  Bonney,  D.Sc,  LL.D.  F.R.S.,  Pres.G.S. 

2.  «  Sketches  of  South-African  Geology.— No.  2.  A  Sketch  of  the 
Gold-Fields  of  the  Transvaal,  South  Africa.''  By  W.  H.  Penning, 
Eeq.,  F.G.S. 

3.  '^  On  some  Erratics  in  the  Boulder-day  of  Cheshire  &c.,  and 
the  Conditions  of  Climate  they  denote.**  By  Charles  Bicketts,  M.D., 
F.G.8. 

The  following  specimens  were  exhibited : — 

Microscopic  rock-sections  and  rock  specimens,  exhibited  by  the 
President,  in  illustration  of  his  paper. 

Boulders,  ftc,  exhibited  by  Dr.  Bicketts,  in  illustration  of  his 
paper. 


June  10, 1885. 
Prof.  T.  G.  BoNWBT,  D.8c.,  LL.D.,  F.R.S.,  President,  in  the  Chair. 
Tiie  List  of  Donations  to  the  Library  was  read. 

The  following  names  of  Fellows  of  the  Society  were  read  out  for 
the  first  time,  in  conformity  with  the  Bye-laws  Sec.  vi.  B.  Art.  6,  in 
oonsequenoe  of  the  non-payment  of  the  arrears  of  their  contribu- 
^ons:— G.  Bock,  Esq.,  Rev.  S.  Gasking,  and  W.  Low,  Esq. 

The  following  communications  were  read : — 

1.  "Note  on  the  Sternal  Apparatus  in  IguanodonJ^  By  J.  W. 
Koike,  Esq.,  F.R.S.,  Y.P.G.S. 

2.  "  The  Lower  Palseozoic  Rocks  of  the  Neighbourhood  of  Haver- 
fordwest." By  J.  E.  Marr,  Esq.,  M.A.,  F.G.S.,  and  T.  Roberts, 
Eeq.,  B.A.,  F.G.S. 

3.  *^  On  certain  Fossiliferous  Nodules  and  Fragments  of  Hssmatite 
(sometimes  Magnetite)  from  the  (so-called)  Permian  Breccias  of 
Leicestershire  and  South  Derb3rshire."      By  W.  S.  Gresley,  Esq., 

[Abstract.] 

In  this  paper  the  author  described  certain  pebbles  of  hasmatite 
and  magnetite  which  occur  in  the  so-called  Permian  breccias  on 
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tbe  western   margin  of  the  Ashby^e-la-Zoucb  Coalfield.     These 
pebbles,  \vhitli  are  eoHect'ed  tor  sale  and  used  aa  "  buraiehers  '*  (for 
irhicb  their  extreme  hardness  qualifies  them)  vary  from  a  diameter 
of  ^   inch   to  the    size   of    a   man's  fist.      They  present    many 
varieties  of  form,  usually  rounded  and  oft^n  verj'  smooth »  angular, 
and  Buhangular  ;  a  few  eon  tain  ca-ritea,  which  are  often  lined  with 
fibrous  botryoidal  ore^  or  contain  a  group  of  crystals  of  calcite^  or  a 
kernel  of  soft  pca^ore  ;  have  sometimes  an  agate-like,  and  rarely  a 
columnar  siructure,  and  oceasionally  exhibit  well-marked  magnetic 
polarity,   others   being   simply  magnetic.      Sometimes  they    show 
dimpling,  also  grooving  and  striation  resembling  those  produced  by 
ice-action,  whilst  at  other  times  they  seem  to  have  been  crushed 
and  recemented  ;  many  of  these  markings  are  doubtless  due  to  oscil- 
late ry  movement  of  the  rocks  tn  wasse.         Many  of  these  pebbles 
contain  fossils  of  various  kinds,  chiefly  plant-  and  insect-remains, 
but  witfi  a  few  of  Annelids,  Mollusca,  and  Fish(?).  ^Ul  the  fossilaaro 
of  Carboniferous  age  (Coal-measures,  for  the  most  part)*     Amongst 
the  associated  rock-fragmt5nts  in  the  breccias  many  bits  exhibiting 
€one-in-cone  structure  occur,  composed  chiefly  of  a  close -grained 
quartKOBo  material ;  and  a  specimen  showing  the  cones  whose  axes 
Ho  in  radiating  lines  (the  cones   facing  upwards,  do^ni wards,  and 
sideways  or  fan-shaped)  has  been  noticed  for  the  first  time. 

From  the  consideration  of  all  the  facts  detailed  in  the  paper,  the 
Author  concluded  that  the  nodules  were  originally  composed  of 
clay-iron  stone,  and  that  they  were  derived  from  the  Coal-mea;5iires, 
whilst  other  fragments  were  possibij-  of  older  date*  He  considered 
that  the  pseudomorphic  action  by  which  they  have  acrjuired  tbedr 
present  composition  must  have  taken  place  in  situ  since  their  Luclnsion 
in  the  breccia. 

Discussion. 

The  Prk81j>knt  belit^ed,  from  a  study  of  the  specimens  in  the 
Jennyn- Street  Mnseiim,  that  there  was  no  evidence  of  the  action  of 
ioe  in  the  Feimian  breccias  to  which  allusion  had  been  made  by  the 
Author,  but  that  the  striation  of  the  fragments,  like  the  dimpling 
and  crushing  in  the  pebbles  of  more  than  one  conglomemte,  were 
due  to  movements  of  the  rocks. 

Prof.  HuoJiKS  regretted  the  absence  of  specimens.  He  eonld 
not  understand  the  identity  in  mineralogieal  character  of  the  pebbles 
with  fossils,  and  of  those  with  cone-ui-cone  structure* 

The  following  specimens  were  exhibited  : — 

A  specimen  showing  ttie  clavicles  and  inter-clavicle  of  JguanodUm^ 
in  mhf,  exhibited  by  J,  W.  Hulke,  Esq.,  F.R.S.,  V.P.G.B.,  in  illustra- 
tion  of  his  paper. 

Palteozoic  fossils,  exhibited  by  J.  E,  Marr,  Es«],,  F.G.8,»  and 
T*  Eobert«,  Esq.,  F.G.S.,  in  illustration  of  their  paper. 
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June  24, 1885. 

Prof.  T.  G.  BoTOBT,  D.So.,  LL.D.,  F.R.S.,  President,  in  the  Chair. 

John  Macdonald  Cameron,  Esq.,  36  Weltje  Road,  Hammersmith, 
W. ;  Matthew  Heckels,  Esq.,  Walker-on-Tyne,  near  Newcastle-on- 
Tyne ;  and  Eohert  H.  Williams,  Esq.,  Assoc  M.  Inst.  C.E.,  Cuddra, 
near  St.  Austell,  Cornwall,  were  elected  Fellows  of  the  Society. 

The  LiBt  of  Donations  to  the  lihrary  was  read. 

The  following  names  of  Fellows  of  the  Society  were  read  out  for 
the  second  time,  in  conformity  with  the  Byelaws,  Sec.  vi.  B.  Art.  6, 
in  consequence  of  the  non-payment  of  the  arrears  of  their  contribu- 
tions : — C.  Bock,  Esq.,  Eev.  S.  Gashing,  and  W.  Low,  Esq. 

The  following  oommunications  were  read : — 

1.  ^Supplementary  Notes  on  the  Deep  Boring  at  Bichmond, 
Surrey."  By  Prof.  John  W.  Judd,  FJI.S.,  Sec.  G.S.,  and  CoUett 
Homersham,  Esq.,  F.G.S. 

2.  '^  On  the  Igneous  and  Associated  Bocks  of  the  Breidden  Hills 
in  East  Montgomeryshire  and  West  Shropshire."  By  W.  W.  Watts, 
Esq.,  F.G.S. 

3.  ^  Note  on  the  Zoological  Position  of  the  genus  Microchoerus^ 
Wood,  and  its  apparent  Identity  with  ffyopsodtu,  Leidy."  By  R. 
Lydekker,  Esq.,  B.A.,  F.G.S. 

4.  '<  Observations  on  some  imperfectly  known  Madreporaria  from 
the  Cretaceous  Formation  of  England."  By  R.  F.  Tomes,  Esq., 
F.GA 

[Abstract.] 

This  communication  contained  notes  on  several  species  of  Cre- 
taceous corals.  The  author  considered  that  SmUotrochus  instgnis  of 
Duncan  must  be  referred  to  the  genus  Ceratotrochus ;  that  S,  granyr- 
latM^  Duncan,  was  founded  on  immature  specimens  of  Trochocyathus 
WiitMhirei,  Duncan  ;  that  Micrahada  FitUmi,  Duncan,  is  a  variety 
of  Cydocyaikus  FitUmi ;  that  the  genus  Podoseris,  Duncan,  and  pro- 
bably SyiygophyUum^  Reuss,  are  the  same  as  Ehizangia^  M.-Edw. 
and  Haime,  and  consequently  P.  mamiUiformis^  Duncan,  and  P. 
elomgaUij  Duncan,  are  species  of  Ehizangia.  He  further  stated  that 
TwHfino$eris^  Duncan,  is  identical  with  Leptophyllia,  Reuss,  and 
as  the  specific  name  de  Fromentdi  is  preoccupied  in  the  latter  genus, 
he  proposed  to  substitute  the  name  Leptophyllia  anglica,  Tomes,  for 
Turbinoseris  de  Framenteli^  Duncan.  A  new  species,  probably  of 
SmUatrockuiy  from  the  Gkiultof  Folkestone,  and  a  new  hastrcea  from 
Atherfield  were  described,  and  notes  added  on  the  occurrence  in 
^tish  localities  of  BarysmiUa  tuherosa^  Reuss,  B,  Cordieri^  M.-Edw. 

T0L.XLI.  m 
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and  Haimc,  Phnirosniilia  neocomUtms^  E.  de  From.,  of  a  smkH  form 
of  AHroecenia,  and  of  Isaslrcea  Meussiana^  M.-Edw.  and  Heime 
( =  Uloj^hifllia  cri^pa^  Ren  as).  The  occurrence  of  Bfxiunumiiti 
Effertmiif  derived  from  the  Carboniferous  Limestone,  in  the  Upper 
Greenfittnd  of  Cambridge,  was  also  recorded, 

Discussioir. 

Br.  DiJFCAjr  eaid  that  the  specimene  calied  OeratMrochus  by  Mr, 
TomaB  were  not  before  the  8ociety,  and  that  with  one  or  two  ei- 
oeptione  the  other  forms  remarked  upon  were  represented  by  very 
indifferent  specimens*  The  so-called  lihizmujia  had  no  stoloni- 
forous  part  and  had  BynaptieulEe,  therefore  it  did  not  belong  to  the 
gentis,  but  to  that  to  which  he  (Dr.  Duncan)  had  assigned  the 
Hunstanton  coral  in  the  Paljeontographical  Society's  Memoir.  He 
was  satisfied  that  the  tvpea  of  Smihirochua  he  had  examined,  and 
which  were  well  drawn  by  De  Wilde,  had  no  columellae.  He  ob- 
jected to  the  use  of  the  terra  **  imperfectly  known  **  in  the  title  of 
the  paper,  as  it  reflected  even  upon  the  work  of  Mr.  Tomes.  He 
would  have  preferred  M.  Cotteau's  t^nn  *'  little  known." 

5,  "  Correlations  of  the  Curiositr-Shop  Beds,  Canterbury,  New 
Zealand."     By  Capt  F,  W.  Hutton,  F,G.8. 

6.  '*  On  the  Fossil  Flora  of  Sagor  in  Camiola/*  By  Constantin 
Baron  von  Ettingshausen,  F.C*G,S. 

The  following  specimens  were  exhibited : — 

gpecimeoB,  exhibited  by  Prof,  J.  W.  Judd  and  C.  Homersham, 
Esq,,  In  ill  net  rati  on  of  their  paper. 

Eock  specimens  and  fossils,  exhibited  by  W*  W.  Vattd,  Esq.,  in 
illustration  of  his  paper. 

Specimens  of  Lab}Tinthodont  fossils  belonging  to  Mastodoti^aurus 
ami  a  form  allied  to  Vtipitosaitrus^  from  Central  India,  and  of 
Htff^erodapid^m^  from  India  and  Warwickshire,  exhibited  by  R 
Lydekker,  Esq, 

Specimens  from  the  well-borings  at  Chatham  Dockyard,  Cro^noas^ 
and  Harwich,  exhibited  by  the  Director-General  of  "the  Geological 
Survey. 

A  series  of  fossiliferoas  nodules  and  fragment®  of  hsematite  from 
the  Permian  breccias  of  Leicestershire  and  South  Derbyshire,  ex- 
hibited by  W.  S.  Gresley,  Esq.,  in  illustration  of  his  paper,  read  on 
the  10th  inst. 

Cretaceous  Corals,  exhibited  by  E»  F.  Tomes,  Esq.,  in  illustration 
of  his  paper. 
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I.  ADDITIONS  TO  THE  UBBARY. 

1.  Febiodioals  akd  PiTBLiCATioirs  OF  Lbabned  Sooieties. 

Presented  by  the  respective  Societies  and  Editors,  if  not  otherwise 

stated.  y.  . 

Academy.     Noe.  634-660.     1884.  /J'-^ 

.    Nofl.  661-686.     1886.  i'^    IQ    '       Off 

Analyst     Vol.  ix.     Nob.  100-105.     1884.  '.   > 

.    VoLx.    Nob.  106-111.    1885. 

Annals  and  Magaxine  of  Natural  History.  Ser.  6.  Vol.  sir.  Nob. 
79-84.  1884.  Purchased. 
fi.  J.  Carter.  On  the  Spongia  ooriacea  of  Montaga^  b  Leueosdknia 
snioceoy  Bk*y  together  with  a  new  Variety  of  Zeucosolema  lacunosa,  "Bk., 
dncidating  ihe  Spicular  Structure  of  some  of  the  Fossil  Caldspongiss ; 
followed  hy  illustrations  of  the  Pin-like  Spcules  on  VerticUUtes  nehetica, 
De  Lorioly  17. — G.  R.  Vine.  Notes  on  Species  of  Aacodietyon  and  Bho* 
fdmaaria  from  the  Wenlock  Shales,  77. — ^R.  Eidston.  On  a  new  Species 
<tf  L^eofodUes,  Goldenberg  (X.  SUh^x),  from  the  Calciferous-San^stone 
Senes  of  Scotland,  111. — A.  de  Quatre&^.  Moas  and  Moa- hunters, 
124, 169. — R  Etheridge,  jun.,  and  Arthur  H.  Foord.  On  two  Species  of 
AkeoUies  and  one  of  Amplexopora  from  the  Devonian  Rocks  of  Northern 
QaM&daodt  175.--P.  M.  Duncan  and  W.  P.  Sladen.  The  Classificatory 
Poation  of  Hemiaster  eUmgatus,  Duncan  and  Sladen :  a  Reply  to  a  Criti- 
mm  by  Prol  Sven  LoT^n,  226.— S.  H.  Scudder.  Triassic  iisects  from 
the  Uocky  Mountains.  264.— K.  A.  Zittel.  On  AstylospongidaB  and 
Anomodadina,  271. — ^R.  Etherid^,  jun.,  and  A.  H.Fooid.  Descriptions 
of  Palieozoic  Corals  in  the  Collections  of  the  British  Museum  (Nat.  Hi8t.)| 
Xo,  IL,  314.— ^T.  Rupert  Jones.  Notes  on  the  Palffiosoic  Biyalved  Ento- 
BOftzaca^o.  2LV11.  Some  North-American  Leperditise  and  allied  Forms, 
339.— T.Kupert  Jones.  Notes  on  the  Palieozoic  Bivalved  Entomostraca, 
Na  XVin.  Some  Species  of  the  Entomididffi,  391. 

- — .    .     Vol.  XV.     Nos.  85-90.     1886.     Purchased. 

P.  }L  Duncan.  On  the  Clasdficatory  Position  ot Hemiaster  ehnffotus,  72. 
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— <J,  LindfltTiom.  A  Scorpion  from  the  Silurian  Formation  of  BwedoDf  78. 
— ^F.  W.  Hutton.  The  Origin  of  thv  Fauna  and  Flora  of  New  Zealaadi 
77. — G,  J.  Hinde,  Description  of  a  new  Species  of  Crinoida  with  Articn- 
kting  Spines,  157. — ^T.  Rupert  Joi^es.  Notefl  on  tJie  Piteozoic  Bivalved 
Eutomostraca^No.  XIX.  On  Bome  Carboniferous  Speci+^s  of  theOatracodous 
Genus  Xirkbf/ar  Jones,  174. — C.  Brotigniart.  On  tiie  IHscoT<>ry  of  an 
Impre^HJon  of  an  Inject  in  the  Silurian  Saudfttone  of  Jurq^ues  (CalTodos), 
355.— R.  Kidaton.  On  some  new  or  little-known  Fospil  Ljcopoda  from 
the  CarboniferouB  Formation^  .%7« — S.  H,  Seudder,  New  Genera  and 
Species  of  Foasil  Cockroaches  from  the  Older  American  Rock  a,  408. — 
R.  Kid^ton.  Notes  on  Boine  Foaail  Plants  collected  hj  Mr.  R,  Bunlop, 
Airdrie,  from  the  Lanarkshiro  Coal-field,  473, 

Alt  Union  of  London.     Report  of  the  Council  for  the  year  1884, 
1S84. 

AthencDum  (Jouriial).    Nos.  2957-^2983.     1884. 

.    Nos.  29S4-3007.     1885. 

.     PartB  G78-684,     1884, 

.     Parts  685-689.     18S5, 

Bamsloy,      Midland   Ijistituto  of  Mining,    Civil,  and  Meehaiiical 
Engineers.     Transactions.     YoL  ix.     Farts  7--74.     1884. 
A.  Ijupton.    Notes  on  a  Visit  to  some  Continental  Minee,  287- 


VoL  X.     Part  75.     1885. 
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BascL     iSocicfcc  Pal^iontologiquo  Suiage.    Memoires.    Vol.  xi.     1 

F.  Korby.  Monographio  dea  polypiers  jiirassiques  de  la  Suisse,  4*^  partie, 
— G.  Millard.  Monof^aphie  dea  lovertebi^s  du  Purbetk  dii  Jura. — 
H,  Haaa.  Etude  monop^raphique  et  critique  des  Brachiopodes  Rh^tiens  et 
Jurasdques  des  Alpes  Vaudoises  et  des  contr^es  environnautc's^  1"  partie. 

Bath.    Natural-HiBtory  and  Anttquarian  Field  Club.    ProceediDgs. 
YoL  V.     No.  4.     1885. 

Belfast.     Natiiral-History  and  Philosophical  Society.     Report  and 
Proceedings  for  1883-84.     1884. 
M.  F.  Hi  ddle.     On  Agates,  14. 

.      Naturalists*  Field  Cluh.     Annual  Report  and  Proceedings^ 

1883-84.     8er.  2.     Yol.  ii.     Part  4.     1884. 
J.  8.  Gardner,     Tlie  Agxj  of  the  Baealti^  of  the  North -east  Atlantic,  254, 

Berlin.  Deutsche  Geologische  Gesellscliaft.  Zeitflchriflt.  Band  xxslyi, 
Hcftc  1-4.  1884. 
Fr.  Pfaff.  Zur  Fra|re  der  Verandemngen  des  MepTeespie^ls  dorch  den 
EinfiuBS  de&  Landea,  L — ^A.  Grabhe.  Ikitragi*  znr  Kenutni^s  der  Schild- 
krriten  des  deutschen  Weald  en,  17.— G.  K  L^psius.  Uehcr  ein  neues 
Quecksilber-iSeismometer  und  die  Erdhcben  im  J.  1883  bei  Darmstadt^ 
^.— S.  Nildtin.  Diluvium^  Alluvium,  Eluvium,  S7, — E.  von  Xhrni-- 
kowdd,     Geologiache  Untersuchungen  in   Rusaisch-Podolian,  41. — K, 


; 
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ISetie.  Die  Yeisuche  einer  Gliedenmg  des  unteren  Neogen  in  den 
osteiTeichiBchen  Landem,  66. — ^F.  Sandber^r.  Ueber  den  Bimsstein  und 
TxschyttnfT  yon  Schoneberg  auf  dem  Westerwalde.  1.22. — G.  Gilrich. 
Ueber  eini^e  Saurier  dee  oberschlesischen  Muschelkalkes,  125. — H.  Keil- 
hick.  Ueber  postglaciale  Meeresablt^runffen  in  Island^  145. — II.  Eck. 
Znr  Gliederang  dee  Bontsandstein  im  Oaenwald,  161.— A.  Jentzsch. 
Ueber  Diatomeen-fiikrende  Schicbten  des  westpreussiscben  Diluviumsy 
169.— A.  G.  Natborst  Ueber  cambriscbe  Medusen,  177. — E.  Beyriob. 
Erlaatenmgen  zu  den  Gonialiten  L.  v.  Bocb's,  203. — G.  Rammelsberg. 
Ueber  die  Gbuppen  des  Skapolitbs,  Obabasits  und  PbilUpsits,  220. — 
F.  Scbmidt.  Einige  Mittheilungen  iiber  die  ^egenwartifipe  Kenntniss  der 
riidideii  und  postglacialen  Bilduneen  im  silunscnen  Gebiet  yon  Ehstland, 
Oeeel  and  Ingermanland,  248. — ^V.  Ublig.  Ueber  die  Diluvialbildungen 
bei  Bukowna  am  Dnjestr,  274. — G.  Stacbe.  Ueber  die  Silurbildungen 
der  Ortalpen  mit  Bemerkungen  iiber  die  Devon-,  Carbon-  und  Perm- 
Schichten  dieses  Gebietes,  277. — K.  Dalmer.  Ueber  das  Vorkommen  von 
Culm  und  Kohlenkalk  bei  Wildenfels  unweit  Zwickau  in  Sacbsen,  379. — 
C.  W.  von  Giimbel.  Ueber  die  Bescbaffenbeit  der  MoUusken-Scbalen^ 
386.— J.  Felix.  Korallen  aus  agyptiscben  Tertiarbildungen,  415. — E. 
Holx^feL  Ueber  einige  wicbtige  Mollusken  der  Aacbener  E^reide,  454. 
—A  Wicbmann.  Ueb«r  G^esteine  von  Labrador,  485. — E.  Koken.  Ueber 
Fiacb-Otolitben,  insbesondere  iiber  diejenigen  der  norddeutschen  Oligocan- 
Abbgenmgen,  500. — ^F.  K  G^iuitz.  Ueber  die  Fauna  des  Dobbertiner 
liis,  566. — A.  Seeck.  Beitrag  zur  Kemitniss  der  granitiscben  Diluvial- 
geichiebe  in  den  Provinzen  Ost-  und  Westpreussen,  584.— O.  Vom  Hath. 
ihof^  Wahmebmungen  langs  der  Nord-Pacific-Babn  zwiscben  Helena, 
der  Hauptstadt  Montanas,  und  den  Dalles  (Oregon)  am  Ostabbange  des 
Eukadeo-Gebirges,  629. — ^A.  von  Groddeck.  Zur  Kenntniss  der  Zinnerz- 
kgerstatte  des  Mount  Biscboff  in  Tasmanien,  642. — F.  J.  P.  van  Calker. 
Beitriige  zur  Kenntniss  des  Groninger  Diluviums,  713.— G.  Bobm.  Bei- 
tzige  zur  Kenntniss  der  grauen  K^  in  Venetien,  737. — H.  Vater.  Die 
foeolen  Holzer  der  Pbospboritlager  des  Herzogtbums  Braunschweig,  783. 
— F.  E.  Geinitz.  Ueber  ein  Graptolithen-fUhrendes  Geschiebe  mit 
Cjf§iMa8pi$  von  Rostock,  854. — C.  E.  Weiss.  Ueber  den  Porphyr  mit 
•ogenannter  Fluidal-Structur  yon  Thai  im  Thiiringer  Wald,  858. — 
J.  G.  Bomemann,  sen.  Cydopelta  Wtnteri^  eine  Bryozoe  aus  dem  Eifeler 
ICtteldevcm,  864. — G.  Berendt.  Kreide  und  Tertiar  von  Finkenwalde 
bei  Stettin,  866. — C.  Gt>ttscbe.  Auffindung  cambrischer  Schicbten  in 
Korea,  875. — K.  Dabner.  Ueber  den  KoUenkalk  von  Wildenfels  in 
8MhBen,876. 

Berlin.  Deutsche  Geologische  Gesellschaft.  Zeitschrifb.  Bandxxxvii. 
Heftl.  1885. 
Branca  Ueber  die  Anfangskanmier  von  Bactrites,  1. — A.  Becker. 
SduDelzversucbe  mit  Pyroxenen  und  Ampbibolen  und  Bemerkungen 
ober  Olivinknolkn,  10. — F.  Freeh.  Die  Korallenfauna  des  Oberdevons 
m  Deutscbland,  2L — T.  Fuchs.  Die  Versuche  einer  Gliederunpr  des 
onteren  Neogen  im  Gebiete  des  Mittelmeers,  131. — ^M.  Verwom.  Ueber 
hUHUUi  antigmtSy  Schlotb,  173. — G.  de  Geer.  Ueber  die  zweite  Aus- 
Uton^  des  skandinaviscben  Landeises,  172. — E.  Kayser.  LodaneUa 
nirs,  erne  unterdevonische  Spongie,  207. — ^E.  Koken.  Ueber  OmUho- 
I  kHsennSy  Koken,  214. 


.    Koniglich-Preiisasche  Akademie  der  Wissenschaften.    Sit- 

rungsberichte,  1884.    Nos.  18-54.     1884^85. 
H.  Bucking.    Ueber  die  Lagerungsverhaltmsse  der  alteren  Schicbten 
iiiAttika,935. 
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Berlin.     PaJaeontologiBche  Abhandlungen*     Band  ii*    Hefte  2  &  3. 
1884,     Purchased. 
H»  Graf  zu  Solnifi-Laubacl),     Die  Coniferenfomieo  des   deutsclaeD 
Kupferachiefera  und  Zechstehm  (Heft  2). — ^W,  Damys*    Ueber  Archaeo- 
pteryi  (Heft  3). 


Heft  4.     1885.     Piirchmed, 


F,  Notling.     Die  Fauna  der  balti^hen  Cenoman-Gescbiabe. 

Birmingbam-    Midland  Natnraliflt.    N,  8.    YoL  vii,    KoB.  79  &  80. 
1884.     Presented  %  Wm.  WMiaker,  Esq,,  FM.S. 
H,  Peairce.     Ice  Action  in  the  Valley  of  tie  Ajtro,  197. 

Birmingbam  PhilosopMcol  Society.  Proceedings.  YoL  iy.  Part  I 
(1883-84).  1884. 
W.  Mathews.  Modem  Geological  Problems,  1. — T.  Turner.  An 
Analysis  of  Water  from  Salt  Welb  near  Dudley,  38. — IL  W.  Croaakey. 
Note  on  Ice-marked  Boulders^  jlluatrHtiag'  tbe  Grooved  Blocks  of  Bowie j 
Hill,  69.— F.  W.  Martin,  The  Geological  Section  along  the  Weat 
Suburban  Railway  from  BinuiDgliam  to  King's  Norton,  257* 

Bordeaux.  Societe  Linnecnne.  Actes.  Vol.  xxxTii.  (Serie  4, 
Tome  Tii.),  1883. 
IL  Araaud.  Etuden  pratiques  aur  la  cmie  du  sud-ouest '  Prufils  g^o- 
logiqoee  de^  cbemins  de  fer  de  Siorac  a  Siirlat  et  de  P^rigueux  k  llib^taci 
34. — E,  Benoist.  Les  Ntfritac^e*  fossiles  des  terraiTis  teiliaires  moyeoa 
dn  sud-ouest  de  la  France,  379. — E.  Benoist,  Obser\ations  g^Sologiauea 
r^aultant  du  forage  d^iin  puita  artdsieO}  cbez  M,  Briol,  k  Lestiac^  in. — 
E,  Bt'iioiftt.  Le»  buitits  fosijilea  des  terraiiifl  tertiaires  moyena  de 
FAquitairje,  xvi. — ^E.  Benoist.  Note  isnr  une  couche  lacustre  observe  an 
Plaota,  commune  de  Baint^Morillon,  xxiL — E.  Beiioijjt.  Note  aur  quelquee 
coupes  relevSea  aux  coa  irons  de  iiergerae.  xxxiii.— E.  Beijoirtt.  Compte- 
rendu  £^ol€^ique  de  rexciirsion  trimestrielle  fait«  h.  Citon-C^nac,  xatxyBi* 
— E.  Benoist.     Compt<j- rendu  gt^ologique  de  rexcuiaion  de  F^nsac, 

Boston.     Anieriean  Academy  of  Arts  and  Sciences.     Proceedings. 
N.  B.     Vol.  xi.     1883^84. 
S.  H.  Scudder.     The  fossil  White  Auta  of  Colorado,  133. 

Boston  Society  of  Natural  Histor)\    Memoirs.    VoL  iii.     Nos,  8,  9, 
10,     1884. 
S.  H»  Scudder,    Two  uew  and  diverse  Types  of  Oarbonif erouB  Mvria- 
poda,  283, — 8.  IL  Scudder.     The  Species  oi  My/ucn>,  a  Carboniferous 
Genus  of  Oockxtjiichea,  2ii9. 

.     Proceedtnga.     Vol.  xsii.     Part  :2  (1882-83).     1883. 

M.  E.  Wadsworth,  The  Argillifp  and  Conglomerate  of  tlie  Boston 
BrnHf  130.— A.  A.  Julieo.  The  Dunyie-beda  t>f  North  Carolina^  141. — 
T.  N.  Dale.  A  Contribution  to  the  Geology  of  Khodo  Island,  170, — 
M,  E,  Wads  worth.  Some  Instances  of  Atmospheric  xVctioii  on  Sand- 
Btonoy  20L 

^ .     ^.     — .     Part  3  (1883).     1884. 

A,  Hyatt.     Genera  of  Fossil  Cephalojiods,  253. 
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Brisbane.  Boyal  Society  of  Queensland.  Proceedings.  Vol.  i. 
Part  1.  1884. 
E.  Palmer.  Hot  Springs  and  Mud  Eruptions  on  the  Lower  Flindeis 
RiTer,  19.— C.  W.  De  \^  The  Moa  (IHnorms)  in  Australia.  23.— 
J.  Falconer.  Water  Supply :  Springs  and  their  Origin,  28.— H.  F,  Wall- 
mann.  Pseudomorphism  m  Mineials,  32. — 0.  W.  De  Vis.  Ceratodut 
FonUri  Poet-Pliocene,  40. 

British  Association  for  the  Advancement  of  Science.  Report  of  the 
Fifty-fourth  Meeting,  1884.  Montreal  1885. 
T.  Rupert  Jones.  Second  Report  of  the  Committee  on  the  Fossil 
FhjUopoda  of  the  PalsBozoic  Rocks,  75.— 0.  £.  De  Ranee.  Tenth 
Report  of  the  Committee  appointed  for  the  purpose  of  investigating  the 
Cireolation  of  Undeiground  Waters  in  the  Permeable  Formations  of 
EngUnd  and  Wales,  and  the  Quantity  and  Character  of  the  Water  sup- 
jliM  to  various  Towns  and  Districts  from  those  Formations,  96. — G.  K. 
Vine.  Fifth  and  last  Report  of  the  Committee  appointed  for  the  purpose 
of  reporting  on  Fossil  Polyzoa,  97.— Twelfth  Report  of  the  Committee 
tppomted  tor  the  purpose  of  recording  the  Position,  Height  above  the 
Set,  Lithological  Cnaracters,  Size,  and  Origin  of  the  Erratic  Blocks  of 
England,  Wales,  and  Ireland,  reporting  otner  matters  of  interest  con- 
netted  with  the  same,  and  talong  measures  for  their  Preservation,  219. — 
W.  Torfey.  Report  upon  National  Geological  Surveys :  Part  I.,  JSurope, 
221.— C.  E.  De  Ranee  and  W.  Topley.  Report  of  the  Committee 
•ppointed  for  the  nurpose  of  ino  uiring  into  the  Rate  of  Erosion  of  the 
S«t-coasts  of  England  and  Wales,  and  the  Influence  of  the  Artificial 
Abstraction  of  Shingle  or  other  Material  in  that  Action,  238.^r.  W. 
Dayis.  Fourth  Report  of  the  Committee  appointed  to  assist  in  the  Ex- 
^oradon  of  the  Raygill  Fissure  in  Lothersdale,  Yorkshire,  240.— nj.  Milne. 
Fourth  Report  of  the  Committee  appointed  for  the  purpose  of  investi- 
gating the  Earthouake  Phenomena  of  Japan,  241. — ^T.  G.  Bonney.  On 
tiie  Archiean  Roocs  of  Great  Britain,  529. — H.  S.  Poole.  Note  on  the 
Internal  Temperature  of  the  Earth  at  WestviUe,  Nova  Scotia,  644. — 
W.  T.  Manford.  Presidential  Address  to  Section  C,  Geology,  691.— 
£.  OUpin,  jun.  Results  of  the  past  Experience  in  Gold  Mining  in  Nova 
Sooda,  711. — IL  Gilpin,  jun.  A  Conaparison  of  the  Distinctive  Features 
rf  NovarScotian  Coal-fields,  712.— H.  A.  Budden.  On  the  Coals  of 
CiDada,  718. — ^D.  Honeyman.  On  the  Geology  of  Halifax  Harbour, 
Nova  Scotia,  714. — J.  H.  Panton.  Gleanings  from  Outcrops  of  Silurian 
Stiata  in  Red  River  Valley,  Manitoba,  715.— G.  C.  Brown.  The  Apatite 
nepoeits  of  the  Province  of  Quebec,  716. — F.  D.  Adams.  On  the  Occur- 
rence of  the  Norwegian  "  Apatitbringer  "  in  Canada,  with  a  few  Notes  on 
the  Microscopic  Cnaracters  of  some  Laurentian  Amphibolitos,  717. — 
L  W.  Beilev.  On  the  Acadian  Basin  in  American  Geology,  717. — E.  W. 
daypole.  Pennsylvania  before  and  after  the  Elevation  of  the  Appalachian 
Moontains,  718.— J.  8.  Newberry.  Phases  in  the  Evolution  of  tne  North 
Aaierican  Continent,  719. — H.  C.  Lewis.  Marginal  Kames,  720. — H. 
Miller.  On  Fluxion-Structure  in  Till,  720.— A.  K.  C.  Selwyn.  On  the 
^idal  Origin  of  Lake  Basins,  721. — R.  Richardson.  On  Points  of  Dis- 
■xnilsrity  and  Resemblance  between  Acadian  and  Scottish  Glacial  Beds, 
722.— W.  F.  Stanley.  On  the  Improbability  of  the  Theory  that  former 
Glacial  Periods  in  the  Northern  Hemisphere  were  due  to  Eccentricity  of 
the  Earth's  Orbit  and  to  its  Winter  Perihelion  in  the  North,  723.— E.  Hill. 
On  Ice-Affe  Theories,  723. — J.  S.  Newberry.  On  the  recent  Discovery 
of  new  and  remi^able  Fossil  Fishes  in  the  Carboniferous  and  Devom'an 
Bocb  of  Ohio  and  Indiana,  724— J.  HaU.    On  the  Fossil  Reticulate 


Digitized  by  VjOOQ IC 


1 1 8  AUBinoiTa  TO  the  iibrabt. 

Sponges  constitatiiiff  the  Fftmily  Dictyosponjndfflt  725.— J.  Hall.  On  the 
LiinieUibrancbiata  Fauna  of  the  Upper  llelderberg,  IlaiuiltOD,  Porta^, 
Chemimtjf,  and  Cat^kiD  Groups  (etjuivflleDt  to  the  Lower,  MiddJe,  aJid 
Upper  Devonian  of  Europe);  with  especial  reference  to  the  Arran^ment 
of  the  Monomvarift  and  tne  D<;yelopment  and  Distribiitiotj  of  the  tSpecies 
of  the  Genus  Lepfodesfna.  7'2i^.—T,  Sterry  Hunt,  The  Eozoic  Rocks  of 
North  America,  727, — J.  F,  Blake.  Firat  Impresftionfl  of  eome  Pre- 
Oambrian  Rocka  of  Canada,  728»— J.  D.  Dana,  On  the  Southward 
Ending  of  a  great  Synclinal  in  the  Teconic  Eange,  729. — 11.  J.  Juhnfitoa- 
Lavis,  Notice  of  a  Geological  Map  of  Monte  Somma  and  Veauviu&, 
7*W. — W,  Whitaker.  The  value  of  detailed  Geological  Maps  in  relation 
to  Water-supply  and  other  l*ractical  Queations,  731.^ — V.  Ball.  On  the 
Mode  of  Occurrence  of  Precioua  Stones  and  Metals  in  India,  731. — 
C.  Le  Neve  Foster.  What  ia  a  Mineral  Vein  or  Lode  ?  732.— G.  K. 
Gilbert.  Plan  for  the  Subiect-Biblio^aphy  of  North-ilmerican  Geology, 
732.— E.  W,  Claypole.  On  some  Bemaina  of  Fish  from  the  Upper 
Silurian  Rocks  of  I'enuajlTania,  733. — O.  C  Marsh.  On  Amencan 
Jurassic  Manimak,  734. — T.  Kupert  Jones.  On  the  Geology  of  South 
Africa,  730.^-Sir  W.  Dawson.  On  the  more  Ancient  Land  Floras  of 
the  Old  and  New  W^orlds,  738, — J.  S.  Gardner,  On  the  Relative  Agea 
of  the  American  and  the  English  Cretaceous  and  Eocene  Series^  7*30. — 
E,  Wethered,  On  the  Structure  of  Eugli-^h  and  American  Carboniferous 
Coal»^  741,^ — A.  H.  Mackay.  A  preliminary  Examination  of  the  Siliceous 
Organic  Remaina  in  the  Lacustrine  Deposita  of  the  Province  of  Novm 
Scotia,  Canada,  742.— G,  F.  Matthew,  The  Geological  Ago  of  the 
Acadian  Fauna^  742. — G.  F.  Matthew.  The  I'rimitive  Conocoryphean^ 
74^i  — P,  Halktt.  Notes  on  Niagara,  744.— 0.  0.  Marah.  On  the  CUsei- 
li cation  and  Aiiinities  of  Dinosaurian  Heptilea|  763, 

BnisselB.  Mnst^e  Royal  d*Histoire  Naturelle  de  Belgique,  Bulletin. 
Tome  iii.  (1884).  Nog.  2-4.  1884. 
A.  Renard.  Notice  snr  la  composition  min^ralo^que  de  Tarkiise  de 
Haybes,  117. — ^L.  DoUo.  Cinquieme  Note  sur  le.**  DLoosauriena  de  Ber- 
niaaart,  129. — L.  Dollo.  Premi&re  Note  mr  le  Sirao^domurien  d'Erque^ 
hnne^,  161.-  -A.  Kenard.  Recherches  aur  la  composition  et  la  structure 
ties  pbyllade.?  ardennaiS|  231.^J.  Purves,  Esquisse  g^ologique  de  Tile 
de  Antigoa,  273* 

•      Societe  Roy  ale  des  Soiencee  de  Li%e,    Memoires.    Supple 

ment  nu  Tome  x.     1888.     {4to.) 

BuckhuTBt  Hill.    Essex  Field  Club.    Transactions.    YoLiii.    Part  8. 
1884. 
N.  F.  Robarta,    Notes  on  the  London  Clay  and  Bagshot  Beds  at 
"  Oakhill  '^  Quarry,  Epping  Forest,  231, 

Budapest.     ^lagyar  FoMtani  Tarsulat  [Geological  Society],     Fold- 
tani  Kozlony.    Kcitet  4  (1874).     1874. 
F.  Pu.sepny,    Geologisch-montanlBche  Studie  der  Erzlagerstitten  vod 
R^zbanya  m  8,0,-Ungami  L 

Kotet  9  (1870).     1879. 


J.  Bockh.  Szor^nvmegfye  d^H  T^z^re  vonatkozo  preolopai  jegT«etek- 1. 
— L.  Mader^fpach-  l.\i  czfukt^rcz  fekhely  Gom6r)>enj  31,^ — J,  MatyaeovMlrr. 
A  Oienotlidijum  e^y  uj  lelhelye  Erd^lybt^n^  32. — J.  B^ickh.  Auf  den  Siiii- 
hchen  Theil  dea  Comit,  Sxor^ny  beziigliche  geologische  Notizeu,  6o. — ^L, 
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Roth.    A  riikoe-niszti  heg^oxmlat  ^  a  Lajtahegyseg  d^li  r^sz^nek  geolo- 

giai  T^zlata,  99. — J.  Sturzenbaum.    MosonTmegy^ben  eszkozolt  geologiai 

felvael  1878  ban,  111.— M.  Staub.     Carya  costata  (Sterab.)  Unger,  a 

magjarhoni  fofisil  flor^ban,  116. — ^B.  Winkler.  Urvolgyit,  egy  uj  r^zasvinv 

UlTolgTTol,  121.— A.  P^h.    Az  Urvolgyon  torWnt  ujabb  feTt^rasokrol, 

125.— S.  Schmidt    Kristdlyos  Tetraednt  Rozsnydrdl,  127.— L.  v.  Roth. 

Geologische  Skizze  des  Eroisbach-Ruster  Bergzuges  und  des  sudlichen 

Theilee  deeLeita^ebirges,  189.— J.  Sturzenbaum.  Geologische  Aufhahme 

im  Comitate  Wieselbui^  im  Jahre  1878, 150. — M.  Staub.     Carya  costatn 

(Stbg.)  Un^r,  in  der  ungarischen  fossilen  Flora,  155. — B.  v.  Winkler. 

Unrolgyit.  ein  neuee  Kupfermineral  von  Herreugrund,  156. — L.  Mader- 

spach.     £dne  neue  Zinkerz-Lagerstatte  im  Gomorer  Comitate,  159. — J.  v. 

MatyaaoTSzky.    Ein  neuer  Fundort  des  Olenadictyum  in  Siebenbiirgen, 

160. — A.  P^ch.    Neuere  Ausrichtungen  in  dem  Bergbaue  von  Herren- 

CTund,  102. — A.  Schmidt    Krystallisirter  Tetraedrit  von  Rosenau,  164. — 

K.  Hofinann.    Jelent^s  az  1878  nyar&n  Szil&gymegye  Eeleti  r^sz^ben 

tett  fbldtani  r^zletes  felv^telekrol,  167.— J.  Stilrzenbaum.    Az  arddi 

czink^rcz-fekhely  geologiai  viszonyairdl,  213. — J.  Stilrzenbaum.    A  demoi 

koeseni  p^te^ekrol,  217. — ^K.  Hofmann.     Bericht  iiber  die  im  ostlichen 

Theil  dee  Szill^er  Comitates  wahrend  der  Sommercampagne  1878  voU- 

fuhrten  geologischen  Spedalau&ahmen,  231. — J.  StUrzenbaum.    Ueber 

die  geologischen  Verhaltnisse  der  Zinkerz-Lagerstatte  bei  Pelsocz-Ardd  un 

Gomorer  Comitat,  283. — J.  Stilrzenbaum.    Kossener  Schichten  bei  Demo 

im  Toroaer  Comitate,  287.— J.  Matyasovszky.    Jelent^  az  1878  6vben 

Srilteymegy^ben  eszkozolt  f6ldtani  felv^telrol,  298.— J.  Szabo.    A  Num- 

molitir^plet  viszonya  a  Trachythoz  Vihnyen  Selmecz  mellett,  801. — ^L. 

Both.     Adatok  az  Alfold  altalajanak  ismeret^hez,  312.— T.  Posevitz. 

SzorSny  megyei  eruptiv  kozetek,  317. — J.  v.  Mat^asovszky.     Bericht 

aber  geologische  Detailaufnahmen  im  Comitate  Szilfigy  im  Jahre  1878, 

382. — l^  V.  Roth.    Daten  zur  Kenntniss  des  Unteigrundes  im  Alfold, 

341. — ^T.  Poeewitz.    Ueber  Eruptivgeeteine  vom  Comitate  Szor^nv,  847. 

— ^V.  Legeza.    Granat  von  Uj-Kemencze,  864. — ^B.  Inkey.    A  boiczai 

^rcxtel^rek  mellekkozet^rol,  364.— H.  Stem.     Neh&iy  sz6r6nymegyei 

kozet  petiographiai  meghatdrozAsa,  376.— G.  Primics.    A  Hargita  6jszaki 

nyulvanydnak,  nevezetesen   Beszterczevolgye,   Tihavolgye,  Henyul  ^ 

Sztrimba  emptiv  kozeteinek  petrographiai  vizsgMata^  382. — F.  Scha- 

faniL     Diabas  Dobojrdl  Bosznidban,  893.— J.  Bemath.     Magyarhon 

favanyvizi  terk^pe,  899.— F.  Schafiffzik.    Szil&rd  6s  folyekony  zarvanyok 

asvanyokban  es  Kozetekben,  401. — K.  Hofinann.    Meriegyz^sok  tracny- 

tanvagnak  a  hazai  d-harmadkori  lerakddasokban  val6  elofordulasdra,  4C^. 

— i,  V.  Inkey.    Ueber  das  Nebengestein  der  Erzgange  von  Boicza  in 

Keb^burgen,  425. — H.  Stem.     Petromphische  Bestinmiun^  einiger 

Gesteine  aus  dem  Comitate  Szor^ny,  433.— F.  Schafarzik.    Diabas  von 

Doboj  in  Bosnien,  489. — J.  Szab6.    Das  Yerhaltniss  der  Nummulitformar 

tion  ram  Trachyt  bei  Vichnye  (Eisenbach)  nachst  Schemnitz,  442. — 

G.  Primics.    Petrographische  Untersuchung' der  emptiven  Gesteine  des 

nordhchen  Hargitazuges,  insbesondere  des  JBistritz  und  Tihathales,  des 

Henyul  und  Sztrimba,  455. — J.  Bemath.    Mineralquellenkarte  Ungams. 

467. — ^F.  Schafeu-zik.    Feste  und  fliissige  Einschlilsse  in  Mineralien  una 

Gesteinen,  469. — E.  Hofimann.    Bemerkungen  tlber  das  Auftreten  tra- 

ehytiachen  Materials  in  den  ungarisch-siebenDurgischen  aJttertiaren  Abla- 

gerungen,  474. 

Budapest    Magyar  Foldtani  Tdrsulat  [Geological  Society].    Fold- 
taniKMony.    Kotet  10  (1880).     1881. 
J.  Matyasovszky.    Arvizlecsapol^i  kis^rlet  egyelnyelo  art^zi  kdt  altal, 
L— T.  Fuchs.    A  foldsdgel  szabalyos  alakj&^,  7.— J.  Szabd.    Caldt- 
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pfieudomorphos^  MihiilytArnAbrj]  Sehneczen,  12;— B.  Ink^y.  EgT  feltuDo 
vonaa  Niigjagr  Yidekenek  doDiborzatabati,  16.— J.  v.  Mfltyaaovsi^.  Ein 
EntwaaseruDgaversuch  mitteLt  u«^gativer  BrimDen,  19. — 1".  Fuchi*.  Ueber 
die  regelQLiksige  Geatalt  der  Contiiiente,  2B.—J,  Saabd.  Ueber  Calcit- 
Pseiidomorphoisen  aus  dem  MieliaelwStollen  in  Scbemmtz,32.—B.  v.  Inkey, 
Ueber  eine  auffallende  Berf^form  in  der  UnigebuDg  von  Nag}%,  S7. — 
M.  Hantken.  A  buda-Tiddki  ij-harmadkori  k^pzodm»5nyek,  41.-^,  Scha^ 
farzik  A  foldreng^Ssek  Del-MagyaroraJsAgon  ^s  a  sznmsz&loa  teruleteken 
1870  Oktdber  10^6tol  1880  m&fcziiis  l^ig,  63.— A,  Fmnzenau.  Egy  nj 
lelheljii  kt^l  ^vinvxdl,  7tl— M.  llautken*  Die  alttertiaren  Bilduneen  der 
Umgegend  von  Ofon,  78,— R  Schafarzik,  Da^  Erdb^ben  in  Siid-Unj^am 
imd  d«n  angrenzetiden  Ltmdera,  10  Octulier  1870-13  April  1880,  9L— 
A,  Franzenau.  U©b«r  zwei  Mineralieu  eLnea  neuen  Fundortes,  IHX^ 
L.  Rotb.  Adtttok  az  Alflild  alt&laj^nak  iwmeret^liez,  121. — G.  Ilalav&ts. 
Adatok  Szoi^njmegytj  foldtani  vi^zonyaihoKj  131. — A.  Kocb.  A  Czibles 
^  OlAhlipoabftnya  vid^ke  Koldkoandesitjeinek  uj  petTographiai  viz^^'^laU, 
138. — L.  V.  Hoth.  Daten  zur  Kenntni^s  des  Unter^undi^a  im  Alfcild,  147, 
— J.  Halavits.  Zur  gBologiechen  Kenntnisa  des  Szoi^nver  CojiiitAt4i,s,  15h. 
— A.  Eoch.  Petrographist^be  ITutersuchung  der  traehytiachen  Geeteine 
dea  Czibles  und  von  OMhMpoab&nva,  IGo^]— A.  Kock.  Rivdna  vid^^ke 
tracbyt^salftdboa  tartozd  kozeteinet  uj  petrographiai  vizagilkta,  177. — 
H.  Stem.  Szor^nymeffyei  eruptiv  kiizetekrol^  i87,'-J.  Beruath.  Erdt^ly 
konybaso-vizei,  200.— L.  Nagy.  Adatok  a  dobamai  Dioritrol.  217,— A. 
Koch.  Nene  petrofrrapbiscbe  y^ntersacbuiig  der  tTaeh^-tiecben  Gesteine 
der  Gegend  von  KodDa,  219.— H.  Stem.  EmptivgBateine  ans  dem 
Comitate  tszdr^ny,  230.— J.  Bernath.  Die  Kocbaakwasser  in  Sieben- 
biiigen,  244,— K  Hofnmnn.  Buda  vidi^k^nek  n«5melv  6-harmadkori 
k6p»od^3erol,  245,  — G.  Hiilavat^.  A  golubiiczi  (Saerbia)  mediterran 
fauna,  298.— F.  Scbafarzik.  A  "Ceerkat^^  D  Nyi  v%^nek  enijitiv- 
kozetei,  295.— K,  Hofmaim.  Ueber  einige  altteriiare  Biidungen  der 
Umgpbun^  von  Ofen,  319.— J.  Halavits.  Die  mediterrane  Fauna  \ou 
Golubatz  in  Serbien,  374.— F.  Schafaraik,  Die  i-niptiven  Gt?eteiue  der 
aiidweatlichen  Anslaufer  des  Cserhat-Gebietea  (N.N,0.  von  Budapest), 
377.— L,  Nogy.     Dat^^u  iiber  dm  Diorit  von  Dobschau,  403. 

Budapest*  Magyar  Foldtani  Tiirsulat  [Geological  Society].  Fold- 
tani Eozlony.  Kotet  11(1 881 ).  1881 . 
O.  Halavats.  A  uiagvarhoni  niediterran  r^tegekben  elofordulo  conu- 
sokrol,  1,— M.  Staub.  Adalek  a  Sz^kelyfold  fossil  florfijaboz,  a— L.  Roth. 
Adal^k  a  szekelyfijldi  neogt^n  «dei»vizi  k^rakodasok  laimajiintik  ismeret^hez, 
13.— B.  Inkey.  A  zagrabi  1880  Cai  foldreng^s  forgataai  tiiiiemeDyeiroU 
^ — ^A.  Franzenau*  Adatoka  mko.sj  (Budapest)  Mb6  mediterran  emelet 
foraminifera  faunajabo;e,  31.— J.  HalavdtH.  Ueber  die  Vi^rbreituug  der 
in  den  Meditemin-8t"bicbti*n  von  Unpam  vorkommenden  Conua-Formen, 
^*^~M.  Staub.  Bfitriige  zur  fossilen  Flora  des  Szeklerlandes,  68.— 
B,  V.  Inkey.  Ueber  Di'ehungAerschejnungtn  beim  Erdbebeo  von  Amm 
1880,  70. — A.  Franzenau.  Beit  rage  znr  Foniminileni-Fauna  der  Eakoaer 
(Budapest)  Obi^^r-^Iediiernm  istufe,  m.—J.  Budai.  Adatok  a  Hargita 
d^li  reszenek  petrographirtjaluyz,  l^— 8.  Rotb.  A  Jekelfalvi  6a  Dob^ai 
diallag-aerpentin  leiratift,  1 20.— A.  Steiner.  A  karp&ti  homokko  kuJoabozo 
azin^nek  okairol,  124.— G.  llalavats.  A  l.cjkva  hegyseg  ftildtam  viszonyai, 
132.— J.  Beroalk.  E^y  balatonpmti  fyldsulyedesrol,  137.— G,  Guckler. 
A  Varallyao  elcifordnlo  asvany  vizekriil,  140.— S.  Roth.  Der  Jekelsdorfer 
und  Dobfichftuer  Dialliig-Serpenlio,  142,— A,  Steiner.  Ueber  die  Ui«acbi»n 
der  verachiede nen  Farbe  des  Karpathen  Sandateines,  140.— V.  Guckler. 
Daten  tu  den  VAmllyaer  Mint^ndouelleni  154.— L.  L*5czy.  Utaiisi  jegr)-- 
atetek  JavanU,  101.— B.  Fnkey.     Uti  je^n-zetek  nt  erd%i  Mil  hat^begj- 
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Mboif  172.  —  A.  L.  Cserey.  Az  Aplit  ele^yr^szeinek  vegyelemz^, 
Im— G.  Primics.  Adatok  Bosznia  Kozettam  ismeret^hez,  184. — ^B.  v. 
Inkey.  Reisenotizen  aua  dem  siidlichen  Grenzgebirge  von  SiebenbiirgeD, 
190. — G.  Primics.  Zur  petrographischeii  Kenntniss  von  Bosnien,  195. — 
J.  Halav4t8.  Die  geologischen  V^rhaltnisse  des  Lokva-Gebirges,  200. — 
I.  Bem^th.  Ueber  eine  Bodensenkung^  am  Ufer  des  Plattensees,  205. — 
J.  Szabo.  A  trachytok  mAkrografiai  osztalyoz&sa,  209.  —  M.  Staub. 
Nov6njek  Krasso-Szorenymegye  mediterrfin  r^tegeibol,  219. — L.  Roth. 
Fokltani  felvetel  a  Lajta-hecysegben,  225. — J.  Matyasovszky.  Foldtani 
fdv^tel  Szilagymegyeb^n  1881, 231.— J.  Bockh.  Az  1881, 6vben  Krassd- 
SxoMnymegylben  vegzett  felv6telre  vonatkozo  geologiai  jegyzetek,  238. 
— K.  Hofinium.  Jelent^  az  1881-iki  ^vben  az  ^jszaknyugat  erd^lyi  hatA- 
rhegys^ben  6a  korny^k^n  tett  foldtani  reszletes  felvetelrol,  244. — ^L. 
Lftjos.  A  promonton  Duna-meder-kotras  geologiai  eredm^nyei,  266. — 
J.  8zab6.  Classification  macrographique  des  trachytes,  258. — M.  Staub. 
Pflanzen  aus  den  Mediterranschicnten  des  Krasso-Szor^uyer  Komitates, 
268. — L.  V.  Loczy.  Reisenotizen  aus  Java,  274. — L.  v.  Roth.  Qeolo- 
gieche  Aufnahme  im  Leitha-Gebirge,  286. — J.  v.  Matyasovszky.  Bericht 
iiber  geologische  Aufnahmsarbeiten  im  Comitate  Szildgy,  1881,  294. — " 
J.  Budfu«  Zur  Petrographie  der  siidlichen  Hargita,  296. — J.  Bockh. 
QeokM^he  Notizen  von  der  Aufnahme  des  Jahres  1881  im  Comitate 
Eiassd-Szor^ny,  303. — K.  Hofinann.  Bericht  iiber  die  im  Nordwest- 
aebenbiirgischen  Grenzgebirge  und  Umgebung  im  Jahre  1881  ausge- 
fiihrten  geologischen  Specialaufhahmen,  317. 

Budapest.     Magyar  Poldtani  Ttoulat  [Geological  Society].     Fold- 
tani Kozlony.     Kdtet  12  (1882).      1882. 
L.  Lft)o8.      Geologiai  j^yzetek  Krassd-megye  ^jszaki  r6sz6b6l,  1. — 
F.  Schafarzik.    A  Poi£na-Kuszka  komy^ke  nenany  eruptiv  Kozet^nek 
petrographiai  tanulmanyoz^sa,  24. — H.  Szterenyi.    Selmeczi  ^s  matra- 
n^gysegbeli  gombos  es  sphaerolithos  trachytok,  31.  —  G.  Petho.      A 
coqiuind-Semsey-f(§le  oslenytani  gyiijtem^nyrol,  81. — S.  Roth.    A  turma- 
lumak  ecy  uj   termohelye  magyarorszagon,  84. — J.  Matyasovszky.     A 
sajomellela  sz^telepek,  Kivalo  tekintettel  a  baro  Radvanszky-fSle  kazai 
oradalom  teriilet^n  folt&rt  szentelepekre,  85. — G.  Halavdts.    Feh^rlem- 
plom-Eubin  Komy^k^nek  foldtani  viszonyairdl,  91. — T.  Szontagh.    Az 
"  Aesculap  Bitter  Water  Company,  Limited,  London,"  cz^  Kelenfoldi 
(budai)  Ku|pair61,99. — G.  Petho.    A  Sphaerulit-Kegylok  sarokp&ntjanak 
felfedez^serbl  es  belso  szervezetok  e^^  reszeirol,  104. — J.  Szabo.    A 
kaDoikb&Dyai  Helvitrol,  111. — J.  A.  jSjenner.    A  r^zb^yai  Dioptasrol, 
112.— -F.  Schafarzik  4a  T.  Szontagh.    Az  aguitlm  emelet  eloforduldsa 
Szobb  vid^^n,  114. — J.  Felix.    A  magyarorszage  fa-op&lokrdl,  115.-- 
J.  A  Krenner.    A  lithium-smarag[dr<51,  117. — L.  v.  Ldczy.    Geologische 
Notizen  aus  dem  nordlichen  Theile  des  Krass6er  Comitates,  119. — ^F. 
Schafarzik.    Ueber  die  petrographische  Beschaffenheit  einiger  Eruptiv- 
Gesteine  der  Umgebuns^  der  Pojana-Ruszka,  138. — J.  Halavto.    Ueber 
die  geoloffischen  Verhaltnisse  der  Umgegend  von  Feh6rtemplon-Kubin, 
143.— T.  Szontagh.     iJeber  die  Kelenfold-er  (Ofner)  Brunnen  der  Firma : 
''Aesculap  Bitter  Water  Company,  Limited,  London,'*  162. — J.  Petho. 
Ueber  das  Ligament  und  die  innere  Oi^anisation  der  Sphseruliten,  158. 
— ^V.  GKicker.    Zur  Entwicklung  des  fiergbaues  im  der  Gegend  von 
Rod6b&nya,  163. — ^T.  Posewitz.     Die  geologischen  Arbeiten  im  ostin- 
dischen  Archipel,  169.— T.  Harada.    Ueber  das  Luganer  Eruptivgebiet. 
176.— M.  Staub.    A  Ctenopteris  cycadea,  Brgnt,  a  magyarhoni  fosszil 
florAbun,  181.— G.  Petho.     A  Neithea  6s  a  Vola  (Janira)*Kafnrlon6mek- 
nek  szabatosabb  megalapitasa  6s  Kiilonvalasztisa,  187.— S.  K  Jecsinszky. 
Egy  szarvaskoi  Amphibol  chemiai  elemz^se,  196. — J.  v.  Matyasovszky. 
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Ueber  das  Braunkohlen-Vdrkommen  im  Sajo-Thale,  199.— H.  Sztep6nyi. 
Eug^lige  und  sphaerolithische  Trachyte  yon  Schemnitz  und  dem  Mdtra- 
Gebirge,  206. — A.  Kalecsinazky.  Die  quantitative  chemiache  Analyse 
des  Amphibols  Yon  Szarvasko  bei  Erlau,  248. — M.  Staub.  Ctenopteris 
cycadea,  J^rngt,,  in  der  fossilen  Flora  Ungams,  249. — A.  Koch.  Foldtani 
Kozlemenyek  a  Fruska-Gorardl,  257. — A.  Koch.  Geologische  Mitthei- 
lungen  iiber  das  Frusca-Gora  Gebiige,  270. 

Budapest.  Magyar  Foldtani  Tdrsulat  [Geological  Society].  Fold- 
tani  Kozlony.  Kotet  13.  Fiizet  11  &  12  (1883;.  1883. 
M.  Staub.  Japan  Fosszil  Flordja,  369. — J.  A.  Kinenner.  Auripigment 
^s  Realgar  Boszniabdl,  381.— B.  Toborfly.  A  plo8zk6i  Rudolf-forrHs- 
chemiai  elemz^se,  385. — B.  Toborfiy.  Chemische  Analyse  der  Rudol&- 
quelle  von  Ploszko,  407. — T.  Posewitz.  Ueber  die  recente  Bildung  von 
Uarzablagerungen,  409. 

.    .    .    Kotet  14.    Fii£6t  1-12  (1884).     1884. 

J.  Szab6.  Elnoki  megnegitd  besz^d, . .  .  1884  Janu&r  23-ikan,  1. — J. 
Szabo.  Selmecz  komy<lK4nek  uj  t^rk^pei,  6.;— B.  Inkey.  Az  erd^yi 
havasok  nyugati  r^az^nek  foldszerkezeti  vazlata,  11.  —  L.  L6cz.  A 
Krakatau  yulk^umak  18d3-ik  6vi  kitor^se,  17. — It.  Ilosvaj.  A  term^^ 
k^pzod^si  felt^teleirol)  38. — J.  Szabd.     A  nemzetkozi  geologiai  con- 

Sessus  bizotts^gainak  Zurichi  tanacskoz^sai  1883  nyardn,  42. — F.  Scha- 
rzik.  A  magyarorszHgi  foldreng^sek  188d-bany  48. — J,  A.  Krenner. 
Auripigment  und  Realgar  aus  Bosnien,  101. — J.  Szabo.  Ueber  neuere 
Kartenwerke  der  Umgebung  von  Schemnitz,  111. — B.  v.  Inkey.  Geotek- 
tonische  Skizze  der  westlichen  Ilalfte  des  ungariach-rumanischen  Grenz- 
gebirges,  116. — L.  v.  L6czy.  Ueber  die  Eruption  des  Krakatau  im  Jahre 
1883, 122. — L.  Dosvay.  tleber  die  Bedingun^n  der  Bildung  von  gedie- 
^nen  Schwefel^  147. — F.  Schafarzik.  Statistik  der  Erdbeben  in  Ungam 
im  Jahre  1883,  151.— J.  Bockh.  A  mag}'ar  Kir.  Foldtani  Int^zet  evi 
jelent^se  1883-r61 :  Igazgatosagi  Jelent^s,^  161. — K.  Hofmann.  Jelentte 
az  1883  6v  nyaran  a  Duna  jobb  parlnan  0-Szony  es  Piazke  Kozt  foganato- 
sitote  foldtani  r^szletes  felv6telekrol,  174. — ^J.  Matyasovszky.  A  Kiraly- 
h6^6  es  a  Sebes-Koros  volgy  Bucslilol  Revig.  R^szletes  foldtani  felv^tel 
1883-ban,  191. — L.  Loczy.  Jelent^s  az  1885-ik  6y  nvaran  a  Maros  ^  a 
Feh^r^-Koros  kozotti  hegyvid^ken  6b  az  Arad-Hegraljui  eszkozolt  foldtani 
r^szletes  felv^tebol,  196. — A.  Koch.  Jelent^  a  Kolozsviri  szegelyhegy- 
s^gben  az  1883.  Evben  vegzett  foldtani  r^szletes  folv^telrol,  213.— L. 
Roth.  A  Pattas-BozovicsSsi  ^szakra  fekvo  hegys^g  Kras86-Szor6ny 
megydben,  233. — G.  Halavdts.  Jelent^  az  1883  ^vben  Alibun&r,  Mora- 
vicza,  Moriczfold  ^s  Kakova  komy^k^  eszkozolt  r^szletes  foldtani  felv6- 
telrol,  243. — F.  Schafarzik.  Jelent^s  az  1883  ^v  nyar4n  a  Pilis  hegys^ben 
eszkozolt  foldtani  r^szletes  felv^telrol,  249. — S.  Gesell.  Jelent^  a  Sel- 
meczbdnya  ^s  korny^ken  1882  es  1883  ban  eszkozolt  r^szletes  bdnya- 
geologiai  felv^telekrol,  273. — J.  Bockh.  Jahresbericht  der  kon.  ungar. 
geolofi^hen  Anatalt  fiir  1883 :  Directions-Bericht,  307. — K.  Hofmann. 
Bericnt  iiber  die  auf  der  rechten  Seite  der  Donau  zwischen  O-Szony 
und  Piszke  auagefiihrten  geolo^schen  Specialaufiiahmen,  323. — J.  von 
Matyasovszky.  jDer  Kir&lyh&go.und  das  Thai  des  Sebes-Koros  Flusses 
von  Bucsa  bis  R^v,  842. — L.  v.*  Loczy.  Bericht  iiber  die  geologische 
Detailaufiiahme  wahrend  des  Sonmiers  1883  im  Gebiige  zwischen  der 
Maros  und  der  weissen  Koros  und  in  der  Arad-Heg3ralja,  349. — ^A.  Koch. 
Bericht  iiber  die  im  Klausenburg^r  Randgebiige  im  Sommer  1883 
ausffefiihrte  geologische  Specialaufiidime,  368. — L.  v.  Roth.  Das  (^ebirge 
nordlich  von  Pattas-Bozovics  im  Krassd-Szor^nyer  Comitate,  891.— 5. 
Halav&ts.    Bericht  iiber  die  geologische  Detailaufnahme  im  Jahie  1888 
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in  der  Um^bung  Ton  Alibnn&r,  Moravicza,  M6riczfbld  und  E&koya,  403. 
— F.  Scha&rzik.  Geologifiche  Au&ahme  des  Pilisgebirges  und  der  beiden 
"  Wachtberge  "  bei  Gran,J409. — ^A.  Gesell.  Ueber  die  montangeologische 
Detailaufbanme  von  Schemnitz  und  Umgebung  in  den  Jahren  1882  und 
1883.  43a— M.  Staub.  Herr  Oszwald  eml^kezete,  449.---J.  Szabo.  A 
**  Yellowstone  National  Park ''  nehany  kozete  es  uj  leirasa^  481. — S.  Both. 
Ax  epeijes-tokaji  hegyl^cz  ^jszaki  r^z^nek  trachytjai,  488. — J.  A. 
Krenner.  Em^dectit  6a  az  ugjnevezett  Tremolit  K^zbinyarol,  619. — 
S.  Roth.  Beschreibung  der  Trachyte  aus  dem  nordlichen  Theile  des 
Eperjes-Taluuer  Gebirges,  527.  —  J.  A.  Krenner.  Emplekit  und  der 
Bogenannte  iSemolit  Ton  B^zbanja,  564. 

findapest.  Magyar  Foldtani  T^rsnlat  [Geological  Society].  Fold- 
teni  Kozlony.  Kotet  15.  Fiizet  1-5.  1885. 
J.  Szabo.  A  Phannakoeiderit  68  az  urvolgyit  uj  lelohelyne  Sandberg- 
he^en,  Ohegy  Kozeleben,  1. — S.  Both.  A  Magas-Tdtra  d^li  oldal4nak 
hajoani  j^g^-airol,  9. — ^A.  Kalecsinszky.  Kozlem^nyek  a  Magyar  EMlyi 
Foldtam  Intezet  chemiai  laboratorium&b61,  31.— M.  Staub.  Gopp^ 
Bobert  Henrik  eml^kezete,  35. — S.  Both.  Die  einstigen  Gletscher  an 
der  Sud-Seite  der  Hohen-T&tra,  53. — ^T.  Posewitz.  Geologiache  Notizen 
aojB  Central  Borneo,  76. — J.  Szabd.  Elnoki  megnyitd  beez^,  a  magyap- 
honi  Foldtam  T&rsulat  kozgyiil^B^n  1885  februar  4  en,  81.— J.  Szabo. 
3ibgyaror8Z%  nevezetesebb  Fluorit-lelohelyei,  93. — ^T.  Szontagh.  Z61y- 
ommegye  kozeteinek  petrografiai  iamertet^se,  99. — F.  SchafarziL  A 
magyarorszagi  foldreng^sekrol  1884-ben,  121. — G.  Tdglib.  A  mamiit 
nyomai  Hunyadmegy^n,  134. — J.  t.  Szabo.  Pharmakoeiderit  und 
Urvolgyit  (Herrengrundit)  von  einer  neuen  Fundstelle,  193. — J.  v.  Szabd. 
Namhaftere  Vorkommen  der  Fluorite  in  Ungam,  199. — ^F.  SchafSftrzik. 
Statiatik  der  Erdbeben  in  Ungarn  im  Jahre  1884,  202. 

.     .     General-Index  sammtlicher  Publicationen  der  Ungar 

rischen  Geolog.  GesellBchaft  von  den  Jahren  1852-82.     1884. 

.    Magyar  Kiralyi  Foldtani  Intezet.     Evkonyve.    Kotet  3. 

Fiizet  3.     1875-78. 
K.  Hofmann.    A  d^  bakony  Bazalt  kozetei,  339. 

.    .     .     Kotet  4.    Fiizet  4.     1876. 

J.  Bockh.    Pto  y4ro8a  komy^6nek  foldtani  68  vizi  viszonyai,  129. 

.    .     .     Kotet  5.     Fiizet  1.     1877. 

0.  Heer.    P^cs  videken  elofordulo  Pemic  Novenyenkrol,  1. 

.    .    .    .    Fiizet  2.     1878. 

F.  Herbich.    A  Szdkelyfold  foldtani  6a  oslenytani  Idr&sa,  1. 

.     .     (Koniglich-Ungarische  Geologische  Anstalt.)    Mit- 

theilnngen  aus  dem  Jahrbuch.     Band  i.     Lief.  3.     1873. 
F.  Herbich.    Die  geologiachen  Verhaltnisse  des  nordostlichen  Sieben- 
burgens,  293. — ^A.  v.  P&vay.    Die  geologiachen  Verhaltniase  der  Umge- 
bung von  Klausenburg,  351. 

.     .     .     .    Bandii.    lief.  2  &  3.     1873. 

J.  Bockh.  Die  geologiachen  Verhaltnisse  des  stidlichen  Theiles  des 
Bakony,  Theil  I.,  27. — K.  Hofmann.  Beitrage  zur  Kenntniss  der  Fauna 
dw  Haupt-Dolomites  und  der  alteren  Tertiar-Gebilde  des  Ofen-Kov&csier 
Gebiiges,  181.— M.  v.  Hantken.    Der  Ofiier  Mergel,  207. 
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Budapest.     Magyar  Kiralj-i  Fcildtatii   rntezet.     (:Eoniglich'-Uiigft* 
osebe  Geolo-ische  AnstaltO    Mittheiliingen  aua  dem  Jahrbucli 
Baod  iii.     Lief,  2,     1874, 
A.  V.  Pavay.     Die  fossilen  JSeeigel  des  Ofaer  Meigels,  9. 

'^Q,^;— ■    — -'    -— *    Bandvi.    Hefte  8-10  (1883).    1884. 

id.^staub.     iertiare  PflaDzeo   von  Felelc  bei   Ivlftusenbur^,  263  ^G 

Fnmics.     Die  geoJo-ischeu  Verhaltnbae  der  FoganLwclier  Alpen  und  des 

beiiacbbarteii   ruiiiamacheii  Gobirge^,  283.-T.  Posewitz.     GeoL^sclie 

~r"'  .. -' •     Band  vii,     Hefte  1-4,     1884-85. 

A  J  l  xi?  Hohopale  Unjarns  id  pakeophytologischer  Huisicht,  1 
—A,  Kocli.  Die  alttertiftren  Ecliiuiden  Siebenburgens,  45.— M  GmDer 
yon  M ildensee.  Topografiscb-geolo^aclie  Skhze  der  InseJgmime  Pelaxrosa 
im  adnataachen  Meer,  13L^T.  Posewitz.  IHe  Zinnmseln  iii  indbSieii 
Uceaiie:  L  Geologievon  Banf^ka,  Ala  AnLaug:  Das  Diamant-Vorkom- 
men  m  Borneo,  153, 

^*     '■     .     Jakreebericht  fiir  1883,     1884. 

J,  Bockk  Directions-Bericbt,  3.— C,  Hofmaon.  Ueber  die  auf  der 
rechten  Weite  diT  Donau  zwiecben  O-SxtiiiT  utid  Pif^?.ke  aiis^efulirteii 
ffeologisc^en  SpeciakufnabraeD,  19.~J.  Ton  Sfatjaaovszkj.  r>er  Kimlv' 
hag6  imd  das  Tbal  des  Sebe^Ktirti.^  Flusses  vou  Buc.<»i  U:^  R^v  iiS  — 
L.  TOD  Ldc«j  Benclit  iiber  die  geoJo^acbe  Detailaiifiviibme  wkhrecd 
clea  bommers  1883,  im  Gebirp©  zwischen  der  Maroa  und  der  T\'ei&8en- 
Koros  und  in  der  Arad-Hefrj  alja,  45.— A.  Koch.  Bmcht  uber  die  im 
Klausenbnrger  Rflndja'ebiT^'e  au-s^efiiJirte  Specialaufhahtue,  f34.^L  Rotb 
DftsGehirge  nordbeh  von  Patta^-Bo^soYica  im  Kra^so-ezrmfnver  CoiuitaU;' 
tLT^'  HalavHt^.  13ericht  liWr  die  geologjflche  Betailaufnraime  im  Jah^ 
r^^  T?  o  ^  tm^jbunp  von  AJibunar.Moravie^ft,  Moriczfold  nod  KakoTa. 
t>y.-^jH  sehafarzik.  Geologisehe  Anfiiahme  des  Pilin-Gebmres  mid  der 
l>eidejj  *' Wachtbergt^''  bei  Gran,  105.— A,  GesiU  Bericbt  UWr  die 
niotitangeologiBcbe  DetaHanfhttbiue  von  Scbenmitz  und  Uniijebuni?  in 
den  Jahren  1882-88,  132,  ^«oiiu^  in 

Konyv-  4s  Terkeplirdnak  Czimjogyze'ke;  [Catalogue 


of  the  Library].     (8vo.)     1884. 

Bnenos  Airea.     Academia  Naeional  de  Ciencias  en  Cordoba.    Boletin 

Torao  vi>     Entregas  2-4,     1884. 
de  Bii^ro'fAi^es  ^^^'^^'^''''^^  Geologicaa  y  Paleontologicaa  en  la  prorincta 

L~--'     '     -.    Tomo  vii.    Entregaa  1-4,   1885. 
M,  Conwenti.    Sobre  algimos  ArUoles  losOes  del  Rio  Kegro,  435  — 
!♦.  Amqffhino.     Oracanthm  Burmeuteri,  nnevo  edentado  extiiiimido  de 
la  Eepubhca  Argentina,  409.  ^ 


Tomo  viii.     Entrega  1.     1885. 


F,  Ameghino.     Nuevoa  restos  de  mamiferoa  toaiks  oHirocenos  lecoiridoft 
VLmiFl  Scalabrini,  y  pertenecientes  al  Muaeo  ProvindS  del 

-.     Sociedad  Cientifica  Argentina.     Analea,  1884,     Tomo  xm 
Entrega8  5&6,     1884. 
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Baenos  Aiies.      Bociedad   Cientifica  Argentina.      Anales,  1884. 
Tomo  xviiL    Entregae  1-6.     1884. 
A  Doring.    Informe  sobre  un  sedimento  lacustre  fosillfero,  encontxado 
en  la  perforacion  del  Deeaguadeio  (Ferro-Garril  Andino),  1. — G.  Av^ 
LaUemant.    Batoe  mineros  de  la  repiiblica  oriental,  193. 

.    .    ,  1885.    Tomo  xix.    Entregas  1  &  2.     1885. 


Caen.  Sod^te  Linneenne  de  Normandie.  Bulletin.  S^rie3.  Yol.  vii. 
(1882-83).  1883. 
C.  Renault.  Etude  stratiffraphique  du  Cambrien  et  du  Silurien  dans 
les  TaUto  de  TOme  et  de  la  Laige,  16,  38. — ^A.  Bigot.  Note  sur  la  base 
do  Silurien  moyen  dans  la  Hague,  31. — J.  Moridre.  Note  sur  une  Erj- 
onid^  nouyelle  trouv^  k  laCaine  (Calvados)  dans  le  Lias  sup^rieur,  116. 
— C.  Renault.  Note  sur  le  Lias  de  la  prairie  de  Caen,  ISO.— -L.  Lecornu. 
Sur  la  composition  de  certains  sables  et  de  certains  alluvions,  134. — 
H.  E.  Sauvage.  Note  sur  le  genre  Packycormw^  144. — J.  Moridre.  Note 
8ur  one  empreinte  de  corps  organist  offerte  par  le  gr^  armoricain  de 
May  (Calvados),  160. — C.  Renault.  Le  Camorien  et  le  Silurien  de  la 
Tallife  de  I'Qnie  (dlStavaux  h  FeugeroUes).  261.— A.  Bigot  Compte- 
rendu  de  I'excursion  g^ologique  k  Aukj-sur-Ome,  303. 

Calcutta.    Asiatic  Society  of  Bengal.     Jonmal.     YoL  lii.    Part  2. 
Title-page,  Plates,  &o.,  1883.    1885. 

.    .    •    YoLliiL    Parti.    No.  3.    1884. 

.    .    .    .Part  2.    N08.I&2.     1884. 

.    .     .     .    .    Special  Number.     1884. 

.    .     Proceedings,  1884.    Nos.  3-11.    1884-85. 

R.  D.  Oldbam.    Rough  Notes  for  the  construction  of  a  Chapter  on  the 
Histoiy  of  the  Earth,  145. 

Cambridge  Philosophical  Society.    Proceedings.    YoL  v.    Parts  1-3. 
1884-85. 
T.  G.  Bonney.    On  the  Microscopic  Structure  of  a  Boulder  from  the 
Cambridge  Gieensand  found  at  Ashwell,  Herts,  65. — ^E.  HilL    Oo'  a 
Continuous  Saocession  in  part  of  the  Guernsey  Gneiss,  154. 

.    Transactions.    Yol.  xiv.     Part  1.     1885. 

Cambridge,    Mass.      Musenm  of  Comparative  Zoology  at  Harvard 
Collate.    Bulletin.    YoL  vii.  (Geological  Series,  YoL  i.).    Nos. 

2r^.  1881. 
J.  S.  Diner.  The  Felsites  and  their  Associated  Rocks  North  of  Boston, 
165.— M.  E.  Wadsworth.  On  an  Occurrence  of  Gold  in  Maine,  181. — 
M.  £•  Wadsworth.  A  Microscopical  Study  of  the  Iron  Ore,  or  Peridotite, 
of  Iron  Mine  Hill,  Cumberland,  Rhode  Island,  183. — C.  E.  Hamlin. 
Observations  upon  the  Physical  Geography  and  G^logy  of  Mount 
Ktaadin  and  the  adjacent  district,  189. — L.  Lesquereux.  Keport  on  the 
Beceot  Additions  of  Fossil  Plants,  226.— J.  E.  Wolff  The  Great  Dike 
at  Hongfa's  Neck,  Qmney^  Mass.,  231. — L.  Lesquereux.  On  some  Spe- 
cimens of  Permian  Foeau  Plants  from  Colorado,  243. 
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Cambridge,  Maas.      Museum    of  Comparativo  Zoology  at  Harvard 
College.     BuHetia.     Yol.  yii.  (Geological  Series,  vol.  i*).     No. 
IL     1884. 
J.  Wliituey  and  M,  E.  Wadaworth.     The  Axoic  System  and  its  pro- 
posed Hubdivmons,  331, 

^     .     .     Vol  xl     No.  10.     1884. 

— -.     .     jremoirs,     VoL  viii.    No.  3,     1883. 

YoL  ix.     Wo,  L     1884, 


M.  E.  Wftd^wortb.     Litbological  Studies.     A  Descriptioii  itnd  Ckasifi- 
cation  of  the  Eocka  of  the  CordOleras,  1. 

.     •    .     .     No.  3.     1884, 


— —'     ^     — — ,     YoLx,     No,  3,     1884, 

0.  E.  Hamlin,    Eeeulte  of  an  Examinadon  of  Syrian  Molluscan  Foaaikj 
chiefly  from  the  range  of  Mount  Lebanon,  1, 

' .     .     .     Vols,  xii.  &  xiii.     1884. 

Science.     Noe.  73-f^2,  95-99,     1884. 

.     .     Nofl.  100^124.     1885. 

Cape   Town,     South-African  PMlosopbical  Soeiety.    Tiansactionfl 
Yol.  iii,  (1881^83).     1884, 
A.  n.  Green,     [Notes  of  a  Lecture  on  South  African  Geology,]  27. 

Carlisle  (Keswick).     Cumberland  Association  lor  the  AdTanoement 

of  Literature  and  Science.     Transactions.    Part  1  (1875-76) 

1870,  ^ 

J.  C,  Ward.    Sketch  of  the  Geological  History  of  the  L^ke  DUtrict, 

Oil. 

Part  2  (1876-77).     1877. 


R.  Eussell  and  T.  Y.  Holmes.  The  Raised  Beach  on  the  Gumberland 
Coast  between  VYhitehaven  and  BownesSj  IH— J.  C.  Ward.  Remarkable 
Bouldera  of  Keswick  District,  71, 

— V    — .     - — .     Pari:  3  (1877-78).     1878. 

Sir  G.  Airy.  Oti  the  pmbahle  Ctmdition  of  the  Interior  of  the  Earth,  43 
— J.  C.  Ward.  QuarU,  as  it  occurs  in  the  Lake  District,  its  Structure  and 
Its  History,  77.— C.  Smith.  Boulder  Clay,  91,-^R.  Piekerimr.  Submenred 
Foreet  at  St.  Bees,  109.  ^ 

' .     Part  4  (1878-79).     1879, 

Part  5  (1879-80),     1880. 


J,  D.  Kendall,    The  Influence  of  Geological  Structuie  on  Scenery,  97 
—J.  D.  Kendall    Distribution  of  Boulders  in  West  Cumberland^  151. 

^— .     Part  6  (1880-81).     1881. 


T.  Y.  Holmes.  On  a  submei^ed  Forest  off  Cardumock,  on  the  Solway  - 
and  on  the  Destruction  of  Skinburness  by  the  Sea  about  the  year  1^" 
121.— T.V.Holmes.  Notes  on  the  Phjsicjil  Geography  of  l^rth-woit 
Cumberland,  1157, 
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Carlisle.  Cmnberland  and  Westmoreland  Association.  Transac- 
tions. No.  9  (1883-84).  1885. 
J.  G.  Goodchild.  The  Penrith  Sandstone,  81.— T.  V.  Hohnee.  Notes 
OD  the  beet  Locality  for  Coal  beneath  the  Permian  Rocks  of  North-west 
Cumberland,  109. — ^Miss  Donald.  Notes  on  some  Carboniferous  Gaste- 
ropoda from  Penton  and  elsewhere,  127. — J.  Leitch.  Notes  on  the  Geo- 
lo^cal  Formation  and  Fossils  of  the  Silloth  new  Dock,  169. — J.  G.  Good- 
child.  Contributions  towards  a  List  of  the  Minerals  occurring  in  Cumber- 
land and  Westmoreland  (concluding  part),  175. 

Cassel.  Palseontographica.  Band  xzxi.  (Folge  3,  Band  vii). 
Lief.  1  &  2.  1884.  Purchased. 
C.Hasse.  Einige  seltene  palaontolorische  Funde,  1. — M.  Eliyer.  Ueber 
Arthrcdeura  armaia,  Jord.,  11. — M.  Schlosser.  Die  Na^er  des  europai- 
5chen  Tertiars  nebst  Betrachtunffen  iiber  die  Organisation  und  die  ge- 
schichtlicbe  Entwicklung  der  Nager  iiberhaupt,  19. — A.  Schenk.  Die 
irahrend  der  Reise  des  Grafen  &la  Sz^henyi  in  China  gesammelten 
foasilen  Pflanzen,  163. 

.    .     .     Lief.  3-6.     1885.     Purchased. 

L  Ton  QnS,  Ueber  einige  Deformitaten  an  fossilen  Crinoiden,  183. 
—A.  Bohm  and  J.  Lori6.  Die  Fauna  des  Eelheimer  Diceras-Ealkes. 
Dritter  Abtheilung:  Echinoideen,  193. — Hoaius  und  Von  der  Marck. 
Weitere  Beitrage  zur  Kenntmss  der  fossilen  Pflanzen  und  Fische  aus  der 
Krdde  Weetfalens,  225. — ^Von  der  Marck.  Fische  Ton  der  oberen  Kreide 
West&lens,  233. — Rust.  Beitrage  zur  Eenntniss  der  fossilen  Radio- 
larien  aus  G^esteinen  des  Jura,  271. — M.  Schlosser.  Nachtrfige  und 
Benchtigungen  zu :  die  Nager  des  europaischen  Tertiars,  323. — ^A.  Ton 
Konen.    N^rolog  iiber  Professor  Wilhelm  Dunker,  331. 

.    .     Supplement  2.     Abth.  5.     (Text,  8vo ;  Atlas,  fol.) 

1884.     Purchased. 
G.  Cotteau.    Die  Echiniden  der  Strambeiger  Schichten,  1. 

Catania.  Accademia  Gioenia  di  Scienze  NaturalL  Atti.  Serie  3. 
Tomo  xrii.  1883. 
L.  Ricdardi.  Sulla  composizione  chimica  de'  diTersi  strati  di  una 
stesaa  corrente  di  laTa  eruttata  dair  Etna  nel  1669, 17. — L.  Ricciardi. 
Le  rocce  cristalline  dei  dintomi  di  Messina,  37. — L.  Ricciardi.  Sulla 
diffiisione  del  Vanadio  nel  regno  minerale  e  Tegetale,  161.— O.  SilTcstri. 
8oprs  an  particulare  specie  cu  quarzite  semiTetrosa,  a  struttura  pomiceo- 
granolare  contenuta  nell'  intemo  di  alcune  bombe  projettate  dalF  Etna 
neUa  recente  eruzione  eccentrica  del  22  Marzo  1883, 167. — ^L.  RicdardL 
L'  Etna  e  V  eruzione  del  mese  di  Marzo  1883,  195. — L.  Ricciardi.  SuUa 
composizione  chimica  dei  basalti  di  Cattolica  e  Tremiglia  e  di  una  breccia 
baaaltica,  231.— O.  SilTestri.  SuHa  esplosione  Etnea  del  22  Marzo  1883 
in  relazione  ai  fenomeni  Tulcanici  (geodinamici  et  eruttivi)  presentati 
diQ'  Etna  durante  il  quadriennio  compreso  dal  Gennaio  1880  alDicembre 
1883,235. 

Chemical  News.    Noe.  1283-1309.     1884. 

.    Noe.  1310-1334.    1886.  , 

Chemical  Society.      Abstracts    of   the    Proceedings.      Nos.   1-9 
(1884-86).     1886. 

TOLXU.  fl 
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Chemical  Society.    Journal.     Nob.  260-265.     1884. 

,     .    Supplementary  number,  18S4  (Title-pages,  Lidexes, 


&cO^ 


Nob.  266-721.     1885. 


Colliery  Ouardian.    Nos.  1226-1252.     1884. 
,    Nos,  1253-1277.     1885. 

Copenhagen,  Kongelige  Danske  Yidenskabomes  Sebkab.  Natur- 
yidenak  ubeHge  og  Matbemati&ke  Afbandlinger.  Baekke  6. 
Bind  i.     Nos.  6,  9,  10.     1884. 

-,    .    .    . No.  11.     1885. 


Bind  ii.     No,  7.     1885. 


^_.    ,     Oversigt,  1883.    No.  3,    1884. 

.    .    ,  1884.     Nob.  1-3.     1884-85, 

-. .     ',  1885.    No,  1.     1885. 

Cracow*     Akadendja   UmiejetnoBci  w   Krakowie.     Sprawozdanie. 
KomisyiFiijjograficznej.      Tom  xviii.     1884. 
W.  Teifisevre*     Obudowie  geologiczn^j  okolicy  Tarnopok  i  Zbaraz4j 
0«pgc  n.,  216. — A,  Altha.    Sprawozdanie  %  podn5zy  a^   r.  1683  odbylij 
po  wacbodm^j  Galicyi,  230, 

Crystallological  Society.     ProccediogB.     Part  1  (1877).     1877. 

A.  Dee  CloiiHRux.  Memoir  <m  the  tJiTee  Type*)  of  Huuiit^,  6. — W»  C. 
^^gCT  and  G.  Vom  Eiith.  On  certnin  large  Crystals  of  EiiBtatite  found 
by  W.  C.  Bro^ffer  and  H.  H.  RouHcb.  14.— F.  t'^i^ld.  On  Ludlamite,  a 
new  CniTiii*h  Minei-ftl,  2S, — W,  J.  LewiB,  Notice  of  Crystal lo£raphical 
Forms  of  Glancodote,  31, ^E.  Bertrand*  Note  on  the  Law  of  Twinninp 
and  flemibwlriiiin  of  Leucophane,  36. — W.  J.  Ijewis.  Cryatailographk 
Notes,  37. 

Fart  2  (1882).     1882. 


W.  J.  Lewis,  CrvHtalloprraphic  Notes,  49. — N.  S,  Maskelyne.  On  an 
Artiiicial  Dioptiide  ll*>ck  iiinned  in  a  Bessemer  Converter,  59. — N.  S. 
Maakehnp.  Enstatite  Rock  from  South  -Vfrica,  60. — W.  F%ht.  Exa- 
minatiuu  of  two  new  Amaleramfl  and  a  Specimen  of  Native  Gold,  84. — 
L.  Fletcber.  Crj'.stsllograpmc  Notfs,  85,^W,  O.  Lett^oaii.  On  Rbab- 
dopbaixe,  a  new  Mineral,  105, — \V.  G.  Lettsom.  On  the  Didiroiam  of 
two  European  Andaiusite^,  108. — W.  J.  LewiB.  Cr}>tallograpbic  Noie6| 
108.— L.  Fletcher.    Crystallograpbic  Notes,  114. 

Dori>at.  Naturforschor-Geaellfichaft  Archiv  fiir  die  Naturkunde 
Liv-,  Ebsty  und  KurlaudB,  Bene  2.  Biologische  Naturkunde. 
Band  x.     lief.  1.     1884. 

^_.     . .     Bcbriften   I,     1884.    (8m)     Dorpat,  1884. 
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Dorpat  Natarforscher-Getellschaft.  Sitzungsberiohte.  Band  vii. 
Heft  1(1884).  1886. 
J.  Siemiradzki.  Geologiache  Verhaltnisse  von  Martinique,  64. — C.  Ghre- 
wingk.  Ueber  einige  neue  Funde  subfossiler  Wirbeltnierreste  unserer 
Proyinzen,  143. — J.  SiemiradzkL  Beitrag  zur  Kenntniss  unserer  Torf- 
moQie,  174. 

Dresden.  NatorwiBtenschaftliche  Gesellschaft  Isis.  Sitznngs- 
bericbte  und  Abhandlongen.  Jahrgang  1884,  Jan.-Juni. 
1884. 

SUsBungiberichte, 
C.  Kdnig.    Ueber  Moor  und  Torf,  21.— A.  Purgold.    Zirkon-Zwilling 
TQD  Renfrew,  Ganada,  und  Pyrit  aus  Cornwall,  26. 

.    . .    — — ,  Jnli-Deoember.     1885. 

SitxungaberieAte, 
A.  Purgold.    Ueber  die  mineralogischen  und  geologischen  Ergebnisse 
emer  Keise  in  Italien,  58. 

Abhandhmgen, 
R  Daoidff.     Ueber  daa  archaische  Qebiet  noidlich  vom  Zittauer  und 
Jeachkezh-Gebirge,  141. 

Dublin.  Bojal  Irish  Academy.  Proceedings.  Ser.  2.  Yd.  ii. 
No.  5.  Polite  literature  and  Antiquities.     1884. 

.    .    .    ,     Vol.  iv.    Nos.  1  &  2.      Science. 

1884. 
J.  P.  O'Reilly.    On  tbe  Directions  of  Main-lines  of  Jointing  observable 
in  the  Rocks  about  Dublin,  and  their  Relations  with  existing  Coast-lines 
ud  with  lines  of  Faulting  and  Contact  of  Geological  Formations,  Part  U., 

.    .     Transactions.    Vol.  zxviii.     Science.     Parts  14-16. 

1883-84. 

Dudley  and  Midland  Geolo^cal  and  Scientific  Society  and  Field 

Club.     Proceedings.     Vol.  iiL     No.  3.     1877.     Presented  by 

W.  WkUaJcer,  E§q.,  F.O.S. 

J.  W.  Oliver.    Railway  Cutting  at  Daw  End,  near  WalsalL  111.— 

E.  Teiry.    Section  of  Wenlock  Shale  from  the  Wren's  Nest,  Dudley,  113. 

— W.  J;  Harrison.    On  the  Rhaetic  Section  at  Dunhampstead  Cutting, 

Dear  Droitwich,  and  its  correlation  with  the  same  strata  elsewhere,  116.-^ 

J.  BL  Thomson.    On  Salt,  127.--C.  Cochrane.    Ink  Photograph  of  the 

F<wil  JStosoHnisferratus,  Fraas,  130.— W.  Molyneux.    The  Bunter 

Cooglomeimtee  of  dannock  Chase,  139. 

Dolwich  College  Science  Society.  Sixth  Annual  Report,  1883-84. 
1884. 
ft  G.  Reid,  Volcanoes,  16.— C.  0.  Blagden.  Amber,  20.— T.  Rose. 
Crystallography,  24.— A.  Tribe.  The  Salt-mines  of  Stassfurt,  26.— 
A  R.  Saunders.  G^eology,  34. — S.  W.  Carruthers,  Australia,  88. — 
W.  Carruthers.    Coal,  and  the  Plants  which  form  it,  39.— A.  Tribe.    The 


CbeiDktz7ofCoal,41. 
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Bundee.     East  of  Scotland  TJnian  of  Naturalists'  Bocieties.    B«porii» 
1884.     1S85, 
J,  DiirhRm  and  W,  N.  Walker,     Eeport  on  Geology,  73.— W.  W. 
Peyton.     Iteport  on  Mineralogy,  78. 

EasHadia  Association,    Journal,    VoL  xvi.    Nos.  4-6.     1S84. 

. ,     VoLxTii,    Nos.  1^.    1885. 


^ 


Eaaton.     American  Institute  of  Minmg  Engineers.    Transactions. 
Index,  Yok.  i.  -X.     1884. 

Edinburgh.  Boyal  Physical  Society,  Proceedings.  Session  1883-84- 
1884. 
A.  Geikie.  Opening  Address,  1.— B.  H.  Traquair.  Eemarks  on  the 
Genus  Mfgalkhthyn  (Agassiz),  with  Deacriptioii  of  a  aew  Species,  (^,— 
R  H.  Traquair.  Notes  on  the  Genus  Gyracanihm  (Agnasiz),  5^*l*-iJ-  \ 
Richards.  On  Scottish  FosaO  Cycadaoeoas  leaves  contained  in  the  Hagh 
Miller  Collection,  116.— R.  Kidston.  On  a  specimen  of  iVcopCcfw 
(P  pvl^im-phij,  Brongn.)  in  Circinate  Vernation^  with  Remarks  on  the 
Genera  Spiropierut  tiud  MhiZimojiteris  of  Schimper,  123.— R.  Ki<^too. 
On  a  new  Swcieti  of  Schutzia  h-om  the  Calcift^rom  Saiid.^tones  of  Scot- 
land. 127.— H-  Gunn.  On  the  Silver  Districts  of  Colorado  (Leadville 
and  San  Juan),  Ifi.^,— H.  Miller.  On  lionlder^Glaeiation,  160.— J.  S.  Q* 
Viihon  and  H.  M.  CadeO.  The  Brcjidelhiino  Mines,  180.— H.  M.  CadeH 
Thi]!  riarz  Moiintainsi^  their  Geological  Structure  and  History,  207. 

Royal  Society.     Proceedings.    Yol.  li.    No*  110.    1881-82* 


K.  Chrifttisoti.  On  the  Application  of  the  Rocks  of  Ben  Nevis  to 
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On  some  PalsBozoic  Phyllopoda,  348. — ^T.  R.  Jones  and  J.  W.  Kirkby. 
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on  the  Geolocy  of  Egypt,  385,  439.— T.  R.  Jones  and  H.  Woodward. 
Nqtes  on  PhyUopodif orm  Crustaceans,  referable  to  the  Genus  Echinocaris, 
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Quilter.  The  Rhsetic  Section  at  Wiffston,  Leicestershire,  415. — W. 
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BeacnptioD  of  a  new  Species  of  Vitrina  from  the  Travertin  Beds,  GeiktoD, 
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219.~R.  M.  Johnston.  Additions  to  the  list  of  Table  Cape  Fossils, 
together  with  further  Kemarks  upon  certain  Fossil  Shells  supposed  to  be 
identical  with  living  species,  220. — K.  M.  Johnston.  Discovery  of  Ento- 
moslnca  in  the  Upper  Members  of  the  Travertin  Beds,  Geilston,  and  a 
description  of  a  new  species  of  Cypria,  224. — R.  M.  Johnston.  Discovery 
of  a  Cone,  probably  of  a  species  of  Zepidoatrobus,  in  the  Sandstones  of 
Campania,  225. — R.  Tate.  Description  of  new  Species  of  MoUusca  of  the 
Upper  Focene  Beds  at  Table  Cape,  226. — R.  M.  Johnston.  Description 
of  a  new  Fossil  Shell  from  the  £ocene  Beds,  Table  Cape,  282.— R.  M. 
Johnston.  Description  of  a  new  Species  of  Crepidula  from  the  Eocene 
Beda,  Table  Cape,  233.^-Short.  Summary  of  Observations  on  Earthquake 
Phenomena  made  in  Tasmania  during  1883  and  1884, 263. 

Instttntion  of  Civil  Engineers.   Minutes  of  Proceedings.   Vol.  Ixxvii. 
1884. 

.    .     Vol.  Ixxviii.     1884. 

.     Vol.  Ixxix.     1886. 

Knowledge.    Nos.  138-166.     1884. 

.    Nos.  166-190.     1885. 

Lausanne.     Soci^t^  Vaudoise  des  Sciences  Naturelles.    Bulletin. 
Serie  2.     Vol.  xx.    No.  90.    .1884. 
Hans  Schardt.    Etudes  G^olo^ques  sur  le  Pays-d'Enhaut  Vaudois,  1. 
£.  Benevier.    Le  Mus^e  G^logique  de  Lausanne  en  1883,  230. 

.    .     — -.     .     .     No.  91.     1885. 

A.  Jaccaid.  Essai  sur  lesph^nomdnes  erratiques  en  Suisse  pendant  la 
p^ode  quatemaire,  381. — H.  GoUiez.  Rapport  de  la  Commission  des 
blocs  erratiques  1883-84,  389. 

Leeds.    Philosophical  and  Literary  Society.     Annual  Report  for 
1884.     1884. 

.   Yorkshire  Geological  and  Polytechnic  Society.    Proceedings. 

N.8.  VoLviii.  Part  3.  1884. 
W.  C.  Williamson.  Biographical  Notices  of  Eminent  Yorkshire  Geo- 
logists :  m.  John  Williamson,  295.— R.  Carter.  On  the  Mineral  Wells 
«t  Harrorate^  313. — C.  Fox-Stranffways.  The  Harrogate  Wells,  or  the 
lOneral  Waters  of  Harrogate  geologically  considered,  319. — G.  Oliver. 
The  Mineral  Springs  of  the  Grand  Anticlmal  of  the  West  Ridiiw:,  336.— 
R.  H.  Davis.  The  Mineral  Wealth  of  Harrogate,  367.— R.  L.  Whiteley. 
Analyns  of  the  Kissingen  Saline  Chalyheate  Water,  1883^  as  compared 
with  Analyses  in  1845, 1867,  and  1879,  366.— T.  Hick  and  W.  Cash. 
Ccwtrihtttbns  to  the  Fossil  Flora  of  Halifax,  370.— G.  R  Vine.  Further 
Kotes  on  new  Species,  and  other  Yorkshire  Carhoniferous  Fossil  Polyzoa 
ABBoibed  by  Piofl  John  PhiUips,  377.— H.  B.  Stocks.  On  the  Compo- 
stion  of  the  Coal  Balls  and  Baum  Pots  in  the  Lower  Coal-Measures, 
88Qw— J.  W.  Davis.     On  a  new  Species  of  Heterolepidotm  from  the 
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Leicester.  Literarv  and  Philosophical  Sodetv.  Report  and  Tmu- 
acAionj,  188:3^84.  1884. 
J.  Mamotl.  The  Be<l«  exposed  m  the  Bflilwaj-'eatling  «t  SlawsUm 
Hill,  i^-— IL  E,  Qtiilter.  The  Bhjctic  Bedii  of  the  Spinn^T  HiIU,dL 
— J.  D.  Pftul.  The  Ct  tre^  from  a  Boring  made  near  ETis^toOy  8fil— 
H.  £.  Q  ttilter.    The  Cutting  mm  Market  Harhorotagh  Station,  861 

■  '^     Seasion  1884-85,     leaugtual  Addraas  deHTered  by 

G.  Hhaw,  October  6th,  1884.     (Svo.)     1885. 

Town  Masenin,      10th  Rei>ort  of  the  Hiiseitizi-<C<)miDittee 

to  the  Town  Cotmcil,  lH8ii'84.     1884. 

Leipzig.     Zeitschrift  fdr  Krystallographie  und  Mineralogie.    Band 
Tiii.     Heit-/>.     188:i,    'Parchas^. 

Bandix,     Hcfte  3-G,     1884.     Purd%a$ed. 


C,  Morton,  Stepbatiit  Ton  Kongsherg.  238, — J.  Lorenxeii.  Untt^r- 
•uchunp-  einiger  MmeraJien  ana  Kangerdlnawuk,  243.— J.  A.  Kxennt^r. 
Ueber  den  Szaboit,  255. — E.  S.  Daoa.  Ueber  Herderit  von  Stooeham, 
Maine,  278. — C.  Dolter,  Zur8jnthe«e  dea  Nephelinsi  ;i2L — A.  Forstner. 
Ueber  kunstliche  phyi<ikali6che*  Veraoderungen  der  Feldapathe  von  Pon- 
telleria,  833.— A.  Catbrpin.  Neue  Kn'stallfnrmen  tiroliachor  ^Wineralien, 
353- — A,  Cathrein.  UcbtT  den  Otlioklas  von  Valtionana,  3<jj<.^A. 
C*thrL'in.  Ueber  I  mwandltiiiprspseudctitiurpboseQ  ion  SkRpolitb  nach 
Granat^  iJ78. — E.  I'alla,  Urber  die  vieiiialen  Pjramidentiaelien  am 
Natrolitb,  .S8G.— T.  Liweh,  Anglesit,  Cerusait  nid  Linarit  von  der 
Gnibe  «^  Ifausbaden  *'  bei  Badenweiler,  499 


Band  x.     Hefte  1-3.     1885.     Purchmefi. 


E.  Kftlkownky.  Ueber  Oliiiuzwiliinge  in  Gesteinoii^  17.— T*  Hiortdahl, 
Colemunit,  ein  kryj^talliairtea  Kalkborat  auB  Califomipn,  25, — C.  Buei. 
Uebur  den  Baryt  von  Mittelagger.  32,— A.  Knop.  Ueber  die  Augite  die» 
KaiaerstuhlpbirgeH  im  BreUgau  (GTOsshensogtbiiin  Baden),  58.— H, 
Sjfiifrea.  Uober  die  M  an  trail  arsieidftte  von  Nordmarken  in  Wennland^  113, 
—-O.  Vom  liftth.  Miiicnil^iiTJ-^pke  Mittbeilmigeii,  156.— C.  Bodewig  und 
G.  Vom  Ifatli.  Colemanit  aus  Oalifiamiea,  179. — O.  Liidecke,  LVbeJ 
Thuringor  MinGmlvorkommni^e  MJrthit,  Datolith,  Albit,  ^Anatas),  18B.— 
A.  Schruidt.  Uybtir  die  Mineralt*  wm  Piibocz-Ardo,  202.— .\.  Schmidt. 
Die  Mi  morale  eiiies  Andessits  vivn  dt-r  Umgegend  von  Malnat*,  210. — Ct.  E. 
Mouro  und  V.  von  Zeplmrovich.  Kallait  Paeadomorph  nacb  Apatit  au5 
Oalift)rnien,  240. 

Lejden.    Geologiflcho  Eeicbs-Museums  Bammkngen.    No.  10.  1884. 
PtinhiuaL 
Beitriige  aur  Genlngie  Ost-.\i<iens  und  Aiifltraliens,  Baad  iv.  Heft  1 : 
Uoberrodte  vorweltlieber  Proboscider  von  Java  und  Banka  von  K.  Martin 
(pp.  l-24»  pi  1). 

Li^ge,  Societe  Ueologitjue  de  Belgiuue,  AuMales.  Tome  i, 
(1882-8;V^.  LSH4. 
A.  dp  Ceulrnepr.  Le  dolnn^n  de  W' ^ris,  bc.^G.  Dewalque.  Uii  noa- 
VfMui  giie  fi>r4i*ilil'^re  dans  le  poudiugue  de  Buniot,  Ldx.— G.  Dewal(i«e, 
8ur  la  butcbettite  de  8t^raing,  Ixxi^  — It.  Dewalque.  8iir  Pholad^mitfa 
Eitmtrktt,  Hyckb.  (uon  Puseh,  mm  Nilfw.),  Ixxxv.— A.  Firket.  Sai 
rextvnwioo,  en  Angleterre^  du  ba^in  hoiiiller  fratico-belge,  xdii.— A- 
Firket.    DiScouverte  de  la  chaloocite  k  Moet-Fontaine  (Rahier),  xcvii— 
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M.  Lohest  D^ouverte  de  strinffoc^phales  dans  le  poudingue  de  Burnot 
i  NeflsonTaiiz,  xcix. — L.  L.  de  Koninck.  Influence  de  la  pjrite  sur  le 
doaage  des  comBoe^  ferreux  dans  les  silicates,  d. — G.  Cesaro.  Sur  un 
silicate  doable  ae  sine  et  d'aluminium  hydrate,  czL — G.  Cesaro.  Sur  la 
probability  de  la  Voltzine  cristallis^,  cxii. — ^E.  Delvauz.  Note  pr^limi- 
naiie  sur  un  d^p6t  d'ossements  de  mammif^res  d^ouvert  dans  la  tourbe, 
mx  enyirons  d^A.udenarde,  cxliii. — A.  Rutot  Note  sur  lee  d^couyertes 
de  yert^br^  fossiles  dans  TEoc^ne  infiSrieur  de  Belgique,  cliy. — G. 
Dewalque.  Compte-rendu  de  la  session  extraordinaire  ae  la  Soci^t^, 
tenue  k  Li^  les  26,  27  et  28  aoitt  1883,  dyiii. 

MStnoires. 

£.  Delyaux.  Note  sur  le  fora^  d*un  ptHts  art^en  extents  k  la  fabri^ue 
de  MM.  Dupont,  fr^res,  k  Renaix,  2. — 0.  Malaise.  Sur  la  composition 
do  masdf  Ardoisier  du  Brabant,  19. — C.  Ubaghs.  La  machoire  de  la 
Cheloma  ffqffhumni,  Gray,  26. — G.  Cesaro  et  G.  Despret.  La  Richellite, 
noayelle  espdce  min^rale  des  enyirons  de  Vise,  36. — J.  Fraipont.  Re- 
cherches  sur  les  crinoi'des  du  f amennien  (deyonien  sup^rieur)  de  Belgique, 

BibUoffr<g>hie» 

H.  Fonr.  M^moire  sur  la  formation  de  la  bouille,  par  C .  Grand'Eury,  8. 
— H.  Forir.  Sur  la  manidre  d'etre  des  structures  grenue  et  porpbynque 
dans  lee  roches  ^ruptiyes,  par  A.  Kosenbusch,  17. 

Li^.  Soci^te  G^logique  de  Belgique.  Annales.  Tome  xi. 
(1883-«4).  1884. 
£.  Delyaux.  Sur  Textension  du  d^D6t  erratique  de  la  Scandinayie  en 
Belgioue,  lyii. — G.  Dewalque.  Sur  des  empreintes  y^g^tales  trouy^s 
dsas  f^tage  gedinnien  pr^  de  Vielsalm,  Ixii. — G.  Dewalque.  Sur  la 
^odocbrosite  de  Cheyron,  Ixiii. — A.  Cocheteux.  Sur  la  d^couyerte 
de  malacbite  4  Cbokier,  de  wad  k  Fl^malle-Haute  et  d*aragonite  k 
Anglear,  Ixix. — J.  Libert  Sur  le  mineral  de  zinc  de  Beaufays  et  sur  un 
Kite  de  Hmonite  k  Louyeiffn^,  Ixx. — H.  Forir.  Note  sur  un  gisement  de 
Dois  fossile  k  Beaumont,  Ixxiii. — R.  Storms.  Un  nouyeau  gite  diestien 
fbesilif^re,  Ixxxi. — M.  Lobest.  Sur  les  min^raux  et  fossiles  du  calcaire 
caibonif^re  inf§rieur  des  yall^es  de  TOurthe  et  de  TAmblftye,  Ixxxii. — 
A  de  Vaux.  Sur  Tapatite  de  Maryao,  Portugal,  xciii. — ^V.  Watteyne. 
Sur  une  transformation  remarquable  d'une  coucbe  de  bouille,  xcy. — V. 
Watteyne  et  G.  Dewaloue.  Sur  la  pr^ence  de  la  barytine  dans  F^tage 
houiller  du  coucbant  de  Mons,  xcyii. — A.  Firket.  Documents  pour  T^tude 
de  la  repartition  stratigrapbique  des  y^taux  bouillers  de  la  Belgique, 
xcix.— E.  Delyaux.  Pr^senta^on  d'xm  dIoc  anguleux  zirconien,  trouy^ 
dana  la  Fkndre,  cii. — C.  De  la  Valine  Poussin.  Sur  le  land^nien  8up4- 
rieur,  dy. — G.  Dewalque.  Sur  la  terminaison  N.E.  du  massif  cambnen 
de  Staydot,  cxix. — M,  Lobest.  D6couyerte  de  gisements  de  phospbate 
de  cakium  en  certains  points  de  la  Hesbaye,  cxx. — E.  Delyaux.  Epoque 
quatemaire.  Sur  quelques  nouyeaux  fragments  de  blocs  erratiques  re- 
eueillis  dans  la  Flandre  et  sur  les  collines  fran^aises,  cxliii. — 0.  yan  Ert- 
born  et  P.  Cogels.  Sur  quelques  ddpdts  modemes  des  enyirons  d'Anyers, 
cxHx. 

MSmoires, 

E.  Ddyaux.  Des  puits  art^ens  de  la  Flandre,  3,  118.  —  W. 
Spring.  Note  sur  la  y^ntable  origine  de  la  diffi^rence  des  densites  d*une 
coucbe  de  calcaire  dans  les  parties  concayes  et  dans  les  parties  conyexes 
da  meme  pH^  48. — ^£.  Delyaux.    De  Textension  des  d6i^ts  glaciaires  de 
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k  Scandinari©  et  de  la  pK»sence  de  blocs  eiTatiques  du  Noid  dans  les 
plaines  de  la  Belgique,  52.— E.  Frost.  Snr  la  tialmite  de  Ditmont, 
MS.,  cMoritoide  man^n^sifSre, 9^.— J.  Fmipont,  Notice aur un©  caverne 
A  ossemeut*  d'Urem  ipelm^^  08.— J,  Fiftipuiit.  R*jclierches  sur  lea  cn- 
noides  du  famejinien  (devonien  sup<§rieur)  de  Belpqoe,  Partie  III.,  lOd.— 
W.  Sprinff  et  E.  Prost.  Et ude  mx  le«  eaux  de  1ft  Meiise^  1 23.— A .  Firket. 
Composition  chiiuique  de  quelque^  calcairca  et  de  qiielques  dolomied  di^ 
temina  antdens  deV  Belgique,  221,— G.  Cesam.  Memoir*)  tmtant:  P 
de  1ft  koniiiekite,  2«  de  la  formule  de  la  richeliite,  3°  de  roxyfluomre  de 
fer,  247.— E.  Delvaux.  Di5couvert«  de  giaeiiientj*  de  phoaphat©  de  diAux 
apparteiiant  h  liStafi;!!  vprrMen  dana  le  aous-aol  de  la  ville  de  Renaix  ©t 
dans  celui  de  la  rf^^ioii  de  Flobec<i,  270,— M.  lAiliest.  Recherches  sur  le« 
pokaons  dea  terrains  pal^ozoiqtw^a  de  Bel^que :  Poiasoas  d©  Tamp^lite 
aluuifSre,  dee  genix^fl  Campodm,  Tetrodm  et  Xydracardhm^  294. 
Bihliographie. 
H.  Forir.  Sur  la  depoBition  stratigrapiiique  et  les  roelies  eruptives  dea 
ArdenDes  fran^aises,  principalement  du  madsif  de  Rocroy,  par  A*  van 
Lasaalx,  Bibl.,  ;i.— 11.  Forir.  Ref^Uerclies  sur  le  developpenieiit  dea 
rocbes  scbisto-cristallinea  aiiciennea, . .  .par  J.  Lelimann,  20.— H.  Forir. 
Sur  lea  zones  cUinat^nques  pendant  les  p€ nodes  jurassioueet  cr^taci^e,  par 
M,  Neumayr,  25.— F.  IJewalque.  Sur  le  gkement  et  1  exploitation  de  la 
fltronUanit©  en  Westpbalie,  41. 

Lille.  Society?  Geologiquc  du  Kord.  Annales.  Tome  xi.  (1883-84). 
Livr.  3  &  4*  1884. 
J.  Goa^elet.  Sur  la  faille  de  Remotme  et  aur  le  m6tamorpbisme  flu  elle  a 
produit,  176,-  J,  Ortlieb  et  A.  Six.  line  excui»ion  a  Pemea,  100.^. 
Ortlieb.  Foasilea  diluvitma  trouvA^  a  Willema,  199.— A,  Six.  Les  Fou- 
gerea  du  terrain  houiller  du  Nord,  201.— A.  Six.  Un  oiseau  landiSnien  en 
Beltrique,  212.— A.  Six.  Les  Crocodilea  de  Bernissart,  214— C.  Barrois, 
Sarle^  ardoises  k  Nereites  de  Boutr  d'Orieilj  Haut©-Garonae,^2l9, — C. 
I^Tois.  Sar  Tetage  aptien  de  la  Haute-Ctaronne,  227.— A.  Sii.^  Le« 
appendices  den  Trilobites,  228.— A.  Six.  Un  nomeau  Dinosaurieu  d'apr^ 
le  pTtjfesaeur  0.  C.  Mainb,  237.— Boa^aemaer.  Note  ^ixr  lea  coucbe*  supS- 
rieures  du  Mont  Aigu,  243,  381.- J.  Gosaelet.   Note  sur  quelquea  atfleure- 


A.  8ix.  Les  Dinusauriens  carnivores  dit  Juraasique  am^ricaiu,  d  npr^ 
M.  le  prof.  O.  C.  Marnh,  300.-0.  Barrois.  Note  pr^Uminaire  sur  lea 
ackistes  a  staurotide.^  du  Finist^re,  312.— A.  Six.  Le  Cballeu^r  ot  lea 
abimes  d©  la  mer  [d'apr^^i  .MM.  Murray  et  Reoardl  313.— A.  Six,  [Xea 
liydrocarburea  naturck  de  la  a^rie  du  petrole,]  334.— J,  Goaaelet.  Ke- 
marquee  aur  la  tauiii*  de  Tasai-se  de  Viieiix,  830, — J.  Goaaelet.  Note  sur 
deux  rocket  cristallinea  du  terrain  deTonien  du  Luxembourg,  338, ^-C, 
Queva  et  H.  Fockeu.  Oompte-r^ndu  de  Texciu^ion  dans  le  ma^f  dd 
StaTelot,  340,  3<K).— H.  Ft^keu.  Cnrnpte-rt^udu  de  Texcurdon  du  o  Juin 
1884  dans  lea  environs  de  Morwi»  303.-— C.  Qaeva.  Compte-rendu  d*ime 
excursion  g^ologique  daB^  le  terndu  uirassique  de  Maubert-FonlAiiie  a 
Lonny,  369.— J.  GtHsaelot.  Etude  aur  lea  traucht^L^a  du  chemin  di?  t^t  de 
TEat  eutre  SaiiJt-Michel  et  Manbert-Fontaine,  376.— T*  Mellard  Rcadt>. 
Ddmea  en  mimature  a  la  surlace  dea  aablea,  370. 
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Lille.  Soci^t^  Geologique  da  Nord.  Annales.  Tome  xii.  (1884- 
85).  livT.  1-3.  1885. 
C.  BfUTois.  Le  granit  de  Rostrenen,  ses  apophyses  et  sea  contacts,  1. — 
A.  Six.  Lee  Dinosauriens  de  Bemissart,  120.— -Oambessedds.  Travaux 
de  Bondage  en  Hainaut,  124. — JanneL  Etude  ^^ologique  de  la  ligne  de 
U6xj  a  Komilly,  127. — S.  Calderon.  R^sum^  de  quelques  recherches 
oiographiauee  dans  le  plateau  central  de  TEspagne,  148. — 0.  Barrois. 
L^gende  ae  la  feuille  de  Granyille,  154. — C.  Maurice.  Le  Lac  tertiaire 
Florissant,  Colorado :  Analyse  d^un  travail  de  M.  Samuel  Scudder,  158. 
—Q.  Lecocq.  Excursion  de  TAssodation  fran^se  pour  Tavancement  des 
sciences  (sections  de  g^logie  et  d'anthropologie)  faite  k  Thenay,  le  8  Sep- 
tembre  1884,  lors  du  Congr^  k  Blois,  169. — C.  Barrois.  Ooseryations 
snr  dee  s^ments  clastiques  du  bassin  de  Paris,  d'apr^  le  m^moire  du  Dr. 
Hans  Thiiracb,  172. — J.  Gosselet.  Note  sur  les  schistes  de  Bastogne,  173, 
—J.  Gosselet.  Sur  la  structure  ^;^logique  de  TArdenne  d'apr^  M.  von 
Lssaulx,  195. — ^A.  Six.  Le  granite  ardennais,  202. — A.  Six.  Les  Scor- 
pions fossiles,  229. — J.  Gosselet.  Note  sur  divers  sondages  faits  aux  en- 
riions  de  Lille,  246. — ^H.  Fockeu.    Note  sur  la  craie  de  I^Ue,  255. 

linnean  Society.    JoumaL    Botany.     Vol.  xxL     Nos.  134  &  136. 
1884. 

.    .     .    .     Nob.  136  &  137.     1885. 

.     .     Zoology.    VoLxvii.   No.  103.     1884. 

A.  W.  Waters.    Closure  of  the  Cyclostomatous  Bryozoa,  400. 


Vol.  xviii.     Nob.  104-106.     1884. 


P.  Martin  Duncan.  A  Revision  of  the  Families  and  Genera  of  the 
Sclerodermic  Zoanthazia,  Ed.  &  H.,  or  Madreporaria  (3f.  rugosa  ex- 
cepted), 1. 


Nob.  107  &  108.     1885. 


J.  W.  Davis.  On  Heterolepidotus  ffrandis,  a  Fossil  Fish  from  the  Lias^ 
29S. — P.  Martin  Duncan.  On  the  Family  ArbaciadsB,  Gray :  Part  L 
The  Morphology  of  the  Test  in  the  Genera  Coelopleurus  and  Arbaeia, 
25. 

.    Transacfciona.     Ser.  2.    Botany.    Vol.  ii.     Part  7.     1884. 

.     .    .    Zoology.    VoL  ii.    Part  10.     1884. 

Lisbon.  Sec^  doe  Trabalhos  Geologioos  de  Portugal.  Communi- 
canoes.  Tomo  i.  Fasc.  1  (1885).  1885.  [Anciennement : 
Commission  G^logique  du  Portugal.]  (8vo.) 
J.  F.  N.  Delgado.  Con8idera95es  acerca  dos  estudos  geologicos  em 
Portugal,  1. — A.  Ben-Saude.  Anomalias  opticas  de  crystees  tesseraes, 
15. — P.  Uhoffiit.  De  FimpoBsibilit^  de  comprendre  le  Callovien  dans  le 
Jorassiqae  sup^rieur,  69. — D.  J.  Macpherson.  Estudo  petroflfraphico  das 
ophites  e  teschenites  de  Portugal,  89.— P.  Ohoifat.  Nouyc&es  donn^es 
sor  lee  valines  typhoniques  et  sur  les  Eruptions  d'ophite  et  de  tesch^te  en 
Portugal,  113.— -Rapport  des  membres  portugab  des  souB-conunissions 
hiapano-lusitanienneB  en  vue  du  Congr^  geologique  international  devant 
avdr  lieu  h  Bologpe  en  1881,  123. — B^ponse  de  la  sous-conmiission 
portugaiee  k  la  cuculaire  de  M.  Capeuini,  Prudent  de  la  Com- 
mission intemationale  de  nomenclature  g^logique,  134. — Bapport  de  la 
sons-commission  portugaise  de  nomenclature,  en  vue  du  Conms  gtelo- 
gique  international  devant  avoir  Heu  k  Berlin  en  1884, 141.— P.  Choffat^ 
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Aee  du  granite  de  Ci^tfl^  1^>^P.  Ghoffat,    Sur  la  place  k  aadgner  ftii 
Oallo'fiei],  15a 

Lisbon.     Sociedadc  d©  Geographia.     Boletin.     4*  8erie*     Nos.  0-8, 
10  &  11.     1883. 

Lirerpool  Geological  Sooiel^,  Proceedings.  VoLiv.  Part  6  (1883 
-84).  1884, 
I)»  Mackintosh.  The  Time  which  haa  elapsed  since  the  Clo«e  of  the 
Glacittl  Periodj  417.' — G.  II.  Morton.  Station  across  the  Trias  recently 
exposed  by  a  Railway  Excavation  in  Liverpool,  427. — ^T.  M.  Heade. 
Experimeots  on  the  Circulation  of  Water  in  Sandstone,  434.^  C.  Ricketts. 
On  Indented  Pebbles  m  the  Bunter  Sandstone  near  Prescot,  447. 

London,  Edinburgh,  and  DnbUii  Philosopbical  Hagamne  and  Journal 
of  Science.     Ser.  5.     Vol.  xviii.    Kos.  110-116.    1884>     i¥«- 
mii^d  hy  Dr,  W,  Francis,  FM.S. 
H,  A.  Miers.     Hemihedrism  of  Cuprite,  127* — J.  CroU.     On  the  Cau^e 

of  Mild  Polar  Climates,  268. 

" .     — .   YoLxix.     Noa.  116^121.     1885.     Presented  b^  Ih, 

W.  Ftancus,  FM,S. 
J.  CrolL    On  Arctic  lutei^lacial  Periods^  30, 

London  Iron  Trades  Estcbange.    Nob.  1307-1333.     1884. 

.     Nob.  1334-1357.     1885. 

Manchester.    Geological  Society.     Transactions.     Vol.  xrii.    Parts 
16-18(1883-84).     1884.* 
J.  D.  Kendall.    The  Mineral  Veins  of  the  Lake  District,  292. 

*     ^.    — -.     Vol.  xriiL     Parte  1-9.     1884-^5. 

W.  Bovd  DawHns.  On  bo  me  Deposits  of  Apatite  near  Ottawa,  Canada, 
47. — C.  £.  De  Ranee.  On  the  Oc<mrrence  of  Brine  in  the  Coal  Meaaurea, 
with  some  rt*marks  on  Filtration,  61. — W.  Boyd  Dawkins.  The  Car* 
boiuferous  Flora,  101.— G-  U.  Kinahao.  On  aposdble  Genesis  of  the 
Canadian  Apatite,  ll*3. — (i.  A.  Kinahan.  Note*  on  Professor  Boyd 
Dawkins'sjianer, "  A  patite  Deposdts  near  Ottawa,"  132.^ — M.  Stirrup.  On 
Coal  and  Coal  Plants,  180. 

Melbourne.     Bojal  Society  of  Victoria.     Transaotiona.     VoL  xx. 
1884. 
J.  Stirling.     On  the  Cares  perforating  Marble  Deposita^  Limestone 
Creek,  7.— A.  W.  Howitt.    The  Rocks  of  ISojang,  18. 

Mineralogical  Society.  Mineralogical  Magazine  and  JournoL 
Vol.  n.  Nob.  27-29.  1884. 
K,  J.  V.  ISteenstmp.  On  the  existence  of  Nickel-Iron  with  Wid- 
raannstatten's  fifii^urefi  m  the  Ba«{ilt  of  North  Greenland,  1. — J,  Loreuzen- 
A  chemical  examination  of  Greenland  Tellimc  lron»  14.— T.  Q.  Bonner* 
On  some  apecimena  of  Lava  from  Old  Pr<jvidence  Islund,  39. — H.  Loina, 
Note  on  a  new  mode  of  occurrence  of  Garnet,  40. — T.  G.  Bonney.  Note 
on  a  case  of  replacement  of  Quartz  by  Fluor  Spar,  48. — W.  Simmons. 
Notes  un  **  Eimrpte  ^*  from  Montana,  U.S.A.,  40. — C.  O.  Trechmann, 
AmdysiR  of  an  altered  Siderite  iTom  Helton  Beacon  Lead  Mine^  near 
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Appleby,  52.— T.  G.  Bonnej.  Notes  on  a  Picrite  (Palaeopicrite)  and 
ottter  Rocks  from  Gipps'  Land,  and  a  Serpentine  from  Tasmania,  54. — 
H.  A-  Miers.  The  Oiystallography  of  Boumonite,  59.— R.  H.  Solly.  On 
the  tetartohedral  deydopment  of  a  Crystal  of  Tourmaline,  80. — T.  Gar- 
nelley.  Applications  or  the  Periodic  Law  to  Mineralogy,  83. — W.  J. 
Macadam.  On  Diatomaceous  deposits  in  Scotland,  87.— II.  M.  Cadell. 
On  the  Ag&  and  Origin  of  the  MetoUic  Veins  of  l^e  Upper  Harz,  90. — J. 
Home.  The  Ongin  of  the  Andalusite  Schists  of  Aoerdeenshire,  98. — 
W.  Morrison.  The  mineral  Albertite,  Strathpefter,  Ross-shiie,  101. — ^A. 
Taylor.  On  the  occnnence  of  Prehnite  and  other  minerals  in  the  Rocks 
of  Samson's  Ribs  and  Salisbury  Crags,  104.— T.  Wallach.  On  Kyanite 
localitiee  in  the  North,  106.— T.  A.  Readwiu.  Note  on  Welsh  Gold, 
108.— W.  H.  BelL  Note  on  a  new  locality  for  Zoisite,  109.— T.  G. 
fioimepjr.  Address  to  the  Mineralogical  Socie^,  111. — R.  H.  Solly.  Fine 
cryitalis  of  pale  lilac  Caldte  from  Tankerville  Mine,  near  Shelve,  Shrop- 
shire, I20.--Guyot  de  Grandmaison.  Description  of  a  crystal  of  Parisite, 
123.— W.  Semmons.  Further  notes  on  Enargite,  124. — W.  W.  Peyton. 
Some  occurrences  of  Actinolite  in  Scotland,  126. — J.  £.  Ady.  Observa- 
tions on  the  preparation  of  mineral  and  rock-sections  for  the  Micro- 
scope, 127. 

Montreal.     Natural  History  Society.     Canadian  Record  of  Soience. 

YoL  L    No.  1.     1884.     [Replacing  the  Canadian  Naturalist.] 

(8vo.) 
J.  W.  Dawson.    On  Rhizocarps  in  the  Palssoaoic  Period,  19. — J.  W. 
Diwson.    Notes  on  Eoxoon  canaderue,  58. 

Moscow.  Sod^te  Imperiale  dee  NaturalieteB.  Bulletin,  1883. 
Tome  Iviii.  No.  4.  1884. 
H.  Trautschold.  Bemerkimgen  zur  geologischen  Karte  des  Wetluga- 
Gebiets,  205. — ^A.  de  Gregorio.  Une  nouvelle  IHeurotoma  du  Miocene  de 
lltalie,  PUurotama  Benardi,  de  Gr^.^  SOI.— V.  SokoL  [Materials  for 
the  Geology  of  the  Crimea,]  309  (in  Russian). 

.   .    ,  1884.     Tome  Ux.     Nos.  1  &  2.    1884. 

.    .     Noaveanx  Memoires.    Tome  xv.    Livr.  1.    1884. 

H.  IVautschold.    Die  Rests  permischer  Reptilien  des  palaontologischen 
Eabinets  der  Universitat  Kasan,  5. 

Munich.    Eoniglich-Bayerische  Akademie  der  Wissenschaften.   Ab- 
handlnngen.    Band  liii.    Abth.  1.     1884. 
L.  von  Ammon.     IJeber  neue  Ezemplare  von  jurassiBchen  Medusen, 

,    .      Sitznngsberichte  der  MathematiBch-Pbysikalischen 

Classe,  1883.    Heft  3.    1884. 
F.  Pfaff.    Untersnchungen  iiber  die  absolute  Harte  des  Ealkspathes 
lod  Gypees  und  das  Weeen  der  Harte,  372. 

.    .    ,  1884.    Heffce  1  &  2.    1884. 

Nancy.  8oci^  des  Sciences  de  Nancy.   Bulletin.   S^rie  2.  Tomevi. 
Fasc.  16  (1883).     1884. 
P.  Fliche.     Description  d'un  nouveau   Cycadeoipenmim  du  terrain 
JoxBsaiqiie  moyen,  66. 
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Kature.     Vol.  xxx.     JS'oe.  765-783.     1884. 

The  Extinct  Lnkefi  of  the  Great  Basin,  107,— Ooology  ftt  the  Britisb  Ad- 
Bociadon,  217. — Britiah  Association,  Section  C,  Geology >  440,  526,  563. 
— H.  J.  Johnston-LaTis.     Earthquakes,  608. 

YoL  xxxL     Nos.  784-800.     1884^85, 


A.  Geikie.  The  Crystalline  Rock.*i  i>f  the  Scottish  Hi^blauds,  29.— B. 
N.  Peach  and  J.  Horne.  KHport  on  the  Geology  of  the  North-'vrest  of 
Sutherland,  8L— W.  G.  B.  Paterson,  Tbe  new  Volcanic  Isknd  off  Ice- 
land, 87,-0.  0.  Marsh,  The  Classification  and  Affinities  of  Binosanrian 
Reptilee,  68,— The  Earthquake  in  Spain,  lOO^  237.— S.  Lupton.  The  Coal 
Question,  243.— B.  N.  Pearh.  Ancient  Air-Breatliora,  295, — J,  J.  H. 
TeftD.  The  8cop6  and  Method  of  Petrography,  444.— J.  E.  Tenison- 
Wooda.  The  Borneo  Coal  Fields,  588,— W,  H,  Hudleston,  Further 
Notes  on  the  Geology  of  Palestine,  with  a  Con^jideration  of  the  Jordim 
Valley  Scheme^  614. 

Vol,  xxxii,     Kofl,  81D-816.     1885, 


H.  J.  Johnston-La  vis.    The  new  Outhuist  of  Lava  from  YesnviuB,  66. 

Neuchatel.  Society  des  ScieBcea  Natnrellcs.  Bulletm.  Tome  xiv. 
1884. 
A.  Jaccard,  Note  aur  lea  sources  de  Oombe^Garot,  63,^ — A,  Jaccatid. 
LeB  couchea  k  MytHus  des  Alpes  Vaudoisea  et  du  Simmenthnl  et  leur 
T<§ritahle  horizon  g^ologique,  152. — A.  Jacfard.  Surles  vertebra  fosailes 
d^couTerts  rtomment  dana  TAm^rique  du  Nord,  101.— L,  Charpy  et  M. 
dti  Tribolet  Note  eur  la  pn^sence  tlu  terrain  cr^tac6  a  Montuiercy-la- 
ViUe;  arrondissement  de  Dole,  Jtira,  1^, 

Newcastle -under-Lyme.      North- Staffordshire  Inatitnta  of  Milling 
and  Mechanical  Engineers.     Transact  ions.    Vol,  i,  (187B-75). 
1870.    (8vo,) 
0.  J.  Homer,    The  North  StaflTordsh ire  Coal-field,  with  the  Ironfitones 
contained  tlierein,  102, — 11.  A,  Marshall.     Minenil  Oil  m  found  at  the 
Deep  Main  Pits,  Riddinj^s,  Derhi-^hire,  126.  — Section  of  Stratft  sunk 
throuirli  (with  shaft  IB  feet  diameter),  at  Kose  Bridjfe  Coilieriei*,  loce^ 
near  Wijran,  160. — Section  of  Strata  sunk  throuojh  at  Astley  Deep   Pit, 
Dukinfitdd,  181.— Therm ometrical  Observations  in  the  Dulanfield   Col- 
liery, 190. 

,     .     .     Vol.  ii.  (187&-78).     1881, 

0,  J.  Homer.  The  North  Staffordshire  Coal-field,  with  the  IronstoneB 
contained  thereioj  11, — G,  G.  Audr^.  Lecture  on  the  Geology  of  Co«lf 
102. — G.  G.  Aiidr4.  OleavagB  Plaoes  and  their  Iniiuence  on  tie  Eoono- 
niical  Working  of  Coal,  132. 

^ .     Vol.  Ui.  (1878-79).     1878-70* 

Vol.  iv.  (1879^0).     1879-80. 
On  Coals  and  Coal  Plants,  161. 

Yoh  V.  (1880-81).     1S80-S1, 

^,     .     Vol  vi.  (1881-83).     1881-83. 

Vol.  vii.  Parts  1-7  (1883-84).     188^-85. 
J,  R,  Haines,    The  Channel  Tunnel,  16, 
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ITewoastle-apoii-Tyne.      Natural    History    Sodety    and  Tyneside 

5atarali8t8'  Field  Club.      Natural  History   Transactions   of 

Northumberland,   Durham,   and   Newcastle-upon  Tyne.     Yol. 

Tiii.     Part  1.     1884. 

G.  A.  Labour.     A  Statement  as  to  recent  Publications  relating  to 

Anodonia  Jukeni,  30.— T.  T.  Clarke.     The  Yorkshire  Caves,  60.— A.  M. 

Norman.    Presidential  Address  to  the  Members  of  the  Tyneside  Natura- 

Hito'  Field  Cub,  67  (Part  IL  The  Abysses  of  the  Ocean,  91).— S.  Oswald. 

On  a  Perched  Block  of  Sandstone  in  Lunedale,  181. 

.    North  of  England  Institute  of  Mining   and  Mechanical 

Engineers.    Transactions.    Vol.  xxxvi.    Parts  1-3.     1886. 
E  HaJse.    On  the  Manganese  Deposit  of  the  Islet  of  San  Pietro,  Sar- 
dinia, 145. — ^F.  W.  Rudler.  Notes  on  Microscopic  Sections  of  Rocks  from 
San  Pietro,  Sardinia,  159. 

.     .     An  Account  of  the  Strata  of  Northumberland  and 

Durham,  as  proved  by  Borings  and  Sinkings.    E-X.     (8vo.) 
1886. 

New  Haven,  Conn.  American  Journal  of  Science.  Ser.  3.  Yol. 
xxviii.    Nos.  163-168.     1884. 

F.  W.  Clarke  and  T.  M.  Chatard.  Mineralogical  Notes  from  the 
Laboratory  of  the  United  States  Geological  Survey,  20.— S.  L.  Penfield. 
On  the  Occurrence  of  Alkalies  in  Beryl,  26.— G.  F.  Wright.  The  Niagara 
River  and  the  Glacial  Period.  32.— S.  W.  Ford.  Note  on  the  Discovery 
of  Primordial  Fossils  in  the  Town  of  Stuyvesant,  Columbia  County,  N.Y., 
85.— W.  P.  Blake.— Cnrstallized  Gold  in  Prismatic  Forms,  67.— A.  Gray. 
Memorials  of  George  ^igelmann  and  of  Oswald  Heer,  61. — M.  E.  Wads- 
worth.  Notes  on  the  Kocks  and  Ore  Deposits  in  the  vicinity  of  Notre 
Dame  Bay,  Newfoundland,  94.— S.  F.  Peckham.-  The  Origin  of  Bitu- 
mens,  105. — S.  B.  Newberry.  On  some.  Specimens  of  Nickel  Ore  firom 
Nevada,  122.— W.  M.  Davw.  Gorges  and  Waterfalls,  123.— F.  H.  Blake. 
Vanadinite  in  Pinal  County,  Arizona,  145. — 0.  C.  Marsh.  On  the  United 
Metatarsal  Bones  of  Ceratosaurus,  161. — S.  H.  Scudder.  Triassic  Insects 
from  the  Rocky  Mountains,  109.— 0.  A.  Derby.  On  the  Flexibility  of 
Itacolumite,  203.— S.  W.  Ford.  On  the  Age  of  the  Glazed  and  Contorted 
SIi^  Rocks  in  the  vicinity  of  Schodack  Landing,  Rensselaer  County, 
N.  Y.,  206.— G.  F.  Becker.  The  Rehitions  of  the  Mineral  Belts  of  the 
Pacific  ^ope  to  the  Great  Upheaval,  209. — J.  L.  Campbell.  Geology  of 
the  Blue  Ridge  near  Balcony  Falls,  Virginia,  221.— J.  S.  Diller.  Fulgur- 
ite from  Mount  Thielson,  Oregon,  252.— G.  H.  Williams.  On  the  Para- 
mor^osis  of  Pyroxene  to  Hornblende  in  Rocks,  259. — J.  D.  Dana.  Chi 
the  Southward  Ending  of  a  mat  Synclinal  in  the  Taconic  Range,  268. — 
H.  G.  Lewis.  On  supposed  Glaciation  in  Pennsylvania  south  of  the 
Terminal  Moraine,  276. — J.  W.  Mallet.  On  a  mass  of  Meteoric  Iron  from 
Wichita  County,  Texas,  286.— W.  P.  Blake.  Columbite  in  the  Black 
Hills  of  Dakota,  840.— R.  E.  Browne.  Criticism  of  Becker^s  Theory  of 
Faulting,  348.— J.  D.  Dana.  Note  on  the  Cortlandt  and  Stoney  Point 
HcmiUendic  and  Auntie  Rocks^  384. — W.  M.  Davis.  The  Distribution 
and  Origin  of  Drumlins,  407. — J .  P.  Kimball.  Geological  Relations  and 
Genesis  of  the  Specular  Iron  Ores  of  Santiago  de  Cuba,  416.— C.  A. 
Schaefier.  A  new  Tantalite  Locality,  430.- D.  Walcott.  Note  on  Palao- 
toic  Rocks  of  Central  Texas,  431. — A.  C.  Baines.  On  the  Sufficiency 
of  Teneetrial  Rotation  for  the  Deflection  of  Streams,  434.— O.  A.  Derby. 
Peculiar  Modes  of  Occurrence  of  Gold  in  Brazil,  440. — A.  W.  Jackson. 
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On  Colemiimte,  anew  Borate  of  Lime|447. — J,  D.  Pana.  On  tlie  D«cay 
of  Quarti^jte,  and  tbe  Fonnation  of  Sand,  Kaolin;  and  Orfstaliued  Quartz, 
MB. 

Tfl'ew  Haven,  Conn.  American  Journal  of  Scienee,  Ser.  3.  VoL 
xxix.  Nos.  169^174-  1886. 
W.  H.  Brewer.  On  the  Suspension  and  Sedimentntion  of  Claya,  1, — 
J,  J).  Daiia.  On  a  System  of  flock  Notation  for  Geolc^ical  Biagramg| 
7-— A,  Geikie.  The  Ciyetalline  Rocka  of  the  Scottish  ifighlanda,  10.— 
S.  W.  Ford,  Observation 9  up<»n  the  Great  Fault  in  the  vicinity  of 
the  Schodack  Landing-,  Rensselaer  County,  N.  Y.,  16. — J»  CrolL  On  the 
Cause  of  Mild  Polar  Climates,  20»  138.— A.  L.  Ewing,  An  Attempt  to 
determine  the  Amount  and  Rate  of  Chemical  Erosion  taking  place  in 
the  Limeettmti  (Calciferous  to  Trenton)  Valley  of  Center  Coimtr,  Pa,, 
and  hence  applicable  to  similar  regions  throughout  tbe  AppAlachian 
Regioa?,  29,^E.  G,  Smith.  On  the  Chrvsotile  fipom  Shipton,  Canada, 
23.— O.  A,  Derby.  The  Santa  Cathariua  Meteorite,  33.— F.  D.  Chester, 
The  Ghuvela  of  the  Southern  Delaware  Peninsula,  36* — J,  D,  Dana. 
Decay  of  Quartiyte  ;  Pseudo-breccia,  57. — J.  W.  Powell.  The  Ommi- 
Kation  and  Plan  of  the  United  States  Geological  Survey,  93.-^-C.  D« 
Walcott.  PttlR}ontolo^c  Notes^  114 — J,  H.  Kinahan,^ — tlse  of  tbe  term 
■^Esker"  or  Kam  Drift,  IS^j,- J.  A.  Peny,  Kote  on  a  Fossil  Cod 
Plant  found  at  the  Graphite  depoeit  in  Mica-flchii?t  at  Worceetci-^ 
Maae.,  167.— L.  E.  Hicks.  The  Test  Well  in  the  Carboniferoujs  Foi^  M 
mation  at  Brown ville,  Neb.,  169.— O.  C.  Marah.  Monograph  of  the  I 
Dinocerata,  173.— J.  D.  Dana.     On  Taconic  Rocke  and  Stmti™pby,  i 

mth  a  tleological  Map  of  the  Taconic  region,  205.^C.  A,  \Vbite, 
Notes  f>n  the  Jurassic  Strata  of  North  America,  226, — N.  T.  Luplon* 
Meteoric  Iron  from  Coahuila,  Mexico,  232.— R.  D.  Irvin^r.  Divi- 
sibiUty  of  the  Arcbaian  in  the  North- west,  237,— W.  E,  Hidden, 
Minerulogical  Notes,  240.— C.  A.  White.  The  Genus  Pyrgtdifera^  Medc, 
and  its  Associates  and  OongenerH,  277. — E.  W.  Wilkinson,  On  the  Oc- 
ruirence  of  Native  Mercury  in  the  Alluvium  in  Lonisiana,  280, — 0*  G. 
Rockwood.  The  Earthquakca  in  Spain,  282. — J.  M.  Clarke.  On  DeTO- 
nian  Spore^y  284. — T,  IM,  Roade.  Denudation  of  the  two  Americas,  290, 
—J.  CtoII  On  Arctic  Interglacial  Periods,  300.— C.  D.  Walcott.  Pa]»- 
oKoic  Notes :  New  Genus  of  Cambrian  Trilobites,  iWi'^ifiam,  328, — 
Le  Roy  W.  McCay.  Massive  Safflorite,  3<^.^F.  W.  Chirke  and  J.  S. 
Diller.  Topaz  from  Stoneham,  Maine,  378.— C.  Whittlesey.  The  Pre- 
glacial  Channel  of  Eagle  River,  Keweeaaw  Pointy  Lake  Superior,  392. — 
— S.  W.  Ford,  Note  on  the  Age  of  the  Slaty  and  Arenaceous  Rocks  in 
the  vicinity  of  Schenectady,  Schenectady  douiity,  N,  Y.,  397, — J.  D* 
Dana.  Taconic  Rocks  and  Stratigraphy,  i37.— J.  F,  Whiteaves*  Notes 
on  the  poeaibleAge  of  some  of  the  Meatwsoic  Rocks  of  the  Queen  Charlotte 
Islands  and  Britif?h  Columbia,  444.—  S.  L.  Penfieid.  Crystalliied  He- 
niannite  and  Mptacinuabarite,  44y.— A.  G.  Dana.  Gahnite  of  Rowe, 
MasH.,  45r), — 0.  Meyer.  The  GenealogY  and  the  Age  of  the  Species  in 
the  Southern  Old -tertiary,  457.— C.  U,  Shepani,  Meteoric  Iron  from 
Trinity  County,  California,  469.-11,  D.  Campbell.  The  Potsdam  Group 
eaat  of  tlie  Blue  Ridge  at  Balcony  Falls,  Virginia,  470.— A.  LindenkohL 
Geology  of  the  Sea-butt  om  in  the  Approaches  to  the  New  York  Bay,  475. 
— B.  F;  Koons.  Kettle-Ilolea  of  the  Wood'a  Holl  Region,  Maaa,,  480.— 
G,  II.  Williams.  Cause  of  the  apparently  Perfect  Cleava^  in  American 
Sphene  (Titanite),  486. 

New  Haven,  Conn.     Connecticut  Academy  of  Arts  and  Soienoefi. 
Transactions,     Vol.  vi.     Part  1,    18S4. 
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Newport,  B.  L  Natural  History  Society.  Proceedings,  1883-84. 
Document  2.  1884. 
T.  N.  Dale.  The  Geolo^  of  the  tract  known  as  '*  Paradise/'  near 
Newport,  3. — ^T.  N.  Dale.  Kemarks  on  some  of  the  Evidenees  of  Geolo- 
gical Disturbance  in  the  yicinity  of  Newport,  6.— E.  F.  Clark.  Studies  in 
the  Khode-Island  Coal  Measures,  0. — A.  D.  Wilson.  A  Trip  through 
North-western  Wyoming,  26. 

New  York.    Academy  of  Sciences.     Annals.     Vol.  iii.    Nos.  1  &  2. 
1883. 

.    American  Institute  of  Mining  Engineers.      Transactions. 

VoL  xiL  1884.  Presented  by  Wm.  Whitaker,  Esq.,  F.G.S. 
A  8.  McCreath.  The  Iron  Ores  of  the  Valley  of  Vimnia,  17.— 0.  R 
Boyd.  The  Ores  of  Cripple  Creek,  Vir^a,  27.--C.  H.  Hitchcock.  The 
Geoloffical  Position  of  tne  Philadelphia  Gneisses^  68. — P.  Frazer.  An 
HypoUieeisof  the  Structure  of  the  Copper  Belt  of  the  South  Mountain,  82. 
--6.  H.  Henderson.  The  Copper  Deposits  of  the  South  Mountain,  85. — 
J.  C.  Smock.  Geologico-geographical  Distribution  of  the  Iron  Ores  of 
the  Eastern  United  States,  130. — E.  J.  Schmitz.  Contributions  to  the 
Qeoh^  of  Alabama,  144. — ^F.  P.  Dewey.  Some  Canadian  Iron  Ores,  192. 
— H.  M.  Howe.  A  Systematic  Nomenclature  for  Minerals,  288. — ^P. 
Frazer.  The  Northern  Serpentine  Belt  in  Chester  County,  Pa.,  349. — ^P. 
Fnzer.  The  Peach  Bottom  Slates  of  South-eastern  York  and  Southern 
Lmcaster  Counties,  355. — ^T.  S.  Hunt  The  Apatite  Deposits  of  Canada, 
450.— J.  P.  EombalL  The  Quemahonin£  Coal-field  of  Somerset  County, 
PennsylTania,  468. — ^W.  H.  Adams.  The  Pyrites  Deposits  of  Louisa 
Connty,  Va.,  527. — P.  Frazer.  Certain  Silver  and  Iron  Mines  in  the 
States  of  Nuevo  Leon  and  Coahuila,  Mexico,  537. — N.  W.  Perry.  A  new 
Minenl,  628. — W.  B.  Devereux.  Notes  on  Iron-Ore  Deposits  in  Pitkin 
Comrty,  Colorado,  688. 

Northamptoii.  Northamptonshire  Natural-History  Society  and  Field 
Club.  Journal.  Yol.  iii  Noe.  19  &  22.  1884-86. 
C.  A  Maikham.  The  great  English  Earthquake,  107.— B.  Thompson 
and  T.  J.  George.  A  Catalogue  of  tne  Geological  Collection  in  the  North- 
imptoD  Moaeom,  154. — ^B.  Thompson.  On  Swallow-Holes  and  Dumb- 
Wdk,  159. — ^Heniy  J.  Eunson.  On  a  probable  Fault  in  the  Lias  under 
Korthamptony  169. — B.  Thompson.  The  Upper  Lias  of  Northampton- 
■hire,  182. — ^B.  Thompson  and  T.  J.  George.  A  Qatdogue  of  the  Geolo- 
gical Collectioii  in  the  Northampton  Museum :  Part  HI.  The  Carbonife- 
KH»  System,  240. 

Palttcmtographical  Society.  Monographs.  YoL  zxxviii.  1884. 
(Two  copies.) 
J.  o.  Gaxdner.  A  Monomph  of  the  British  Eocene  Flora,  toI.  iL 
part  2 :  Gymnoq>ennia. — ^T.  Kupert  Jones,  J.  W.  Eorkby,  and  G.  S.  Brady. 
A  Monograph  of  the  British  Fossil  Bivalved  Entomostraca  from  the 
Carbimi&oua  Formations,  part  1,  no.  2 :  The  Cypridinadm  and  their 
ADiea— H.  Woodward.  A  Monograph  of  the  Britisn  Carboniferous  Tri- 
lobites,  part  2. — T.  Davidson.  A  Monograph  of  the  British  Fossil  Bra- 
chiopoda,  yoL  ▼.  part  3. — ^T.  Wright.  Monograph  On  the  Lias  Ammo- 
tttesof  the  Britiah  Islands,  part  7. 
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Paris.      Actidi'mic  dcs  Scir^nccg,      Cfvmptea  llondus.     Tome  xcviii, 

IL  ZeilJ«  r.     Surdts  voiw^i  do  fructiti cations  de  SigriUniit'f^j  11301. 
, ,     — —.     Tumo  xdx,     NiK^.  l-2il     1SS4. 


^' 


II  HL-nrndt  i.'t  JL  Zi  ill^r.  ^nv  im  ncnn*siu  jj^^nrf  de  i^miines  du  t4?rmn 
Louilli'T  -upt'rii'iir.  Ai!, —  i<iicc,  Sur  un  d^pt'it  de  i^ahni'tiv  dans  If*  voi:*i- 
imp*  dv  i%<i*\uiiMimhiu  lhA\\h\i^4, — A.  ('ainut.  Sur  1  oriirint'  t.^t  Iti  di^tri- 
l)uti<!U  du  plitk^pliorr  dsiiiH  Isi  lnndll^  j.^t  W  eannelH^oftl*  lo4. — ^B,  Htmnidt, 
Qimtrii?nii'  uoti*  piiur  t^^rvir  u  fhii^t"  iri^  di*  la  fnnnstion  de  1a  hotiille  : 
^k'tn  df  honilli',  -Ot>. — 1^  Mare.^.  Sur  la  gi^ulofrie  dos  i^n virions  du  Keff, 
iirii^iHS  :^or.— L.  Lartet.  Sur  !».'  l>Tr:\m  tnrbi^nii^^ro  des  Pvrt^uees  f-en- 
tmlt^s,  i!5(l^A.  t.'jiiTiot.  Sur  la  coiupoMtioci  ft  Ifs  qualiu's  de  la  liimiUeT 
en  i^iTHtd  a  la  nature  dk-^i  plftnti^.^  qui  runt  formt'i.s  25*i— L.  IHeidfttait.  Ori- 
piiie  dt  ;*  plitfcjipliuriti^ii  ii  dr-*  nrj^ih  t;  forrugmouspy^  259. — L.  Crio.  Contri- 
butjoiii?  a  la  ilor*  ^lUoer^iie  de  JiLTa»  2H^5. — Jiit^on  ft  Kortlialj?,  8iir  lelat 
at'tui'l  du  Kmkfttflu*  ^Jli'l. — L*  J  lieiilalkit.  Nouvdh*  caotribulitm  a  la  qn*;^ 
lion  d'oiipia;  drn  pliOHpliatt'8  de  ehaiix  du  sud-cnje,sl  de  la  Fran ce,  440.^— 
C,  ^IiaiLL  01j^er\iitiinjs  ^r^uli);/]qiR\^  *^ur  h"  pasi.mt?^^  dc^^i  Cordillere^  par 
]*ii=ithaie  di;  Paiiftma,  578. — A.  I'lLvre.  Carte  du  plieoumen©  erratique  et 
de^  sLiieii'ti?^  jrlacier?;  dii  versnot  aord  den  Alpes  sui:*se.^  et  de  la  cLain&  du 
Mitiit  B!ant%  *'t\^-K — A.  Yivkr.  Analvfl*.*  de  1 'apatite  de  hngroz^n,  Espagne, 
TOiK^F,  (TOEiiard.  Sur  uise  pefzmEitite  k  gmndR  t-i'istaux  de  cMoropEyl- 
lite,  de&  Ijurdi?  du  Vi/,e/y»  prilv^  de  MontbrUon,  Luirt^Tli* — A,  Gaudiy. 
Kiiuvelle  ttnte  i^uv  ley  reptiie.H  p.'rmi^ii*,  737h— L.  Dieulftfait,  tMgine  et 
jimde  d^^  InnnatiifTi  de.^  ydio-spb^tes  de  cliaii?c  en  :inia-^  dans  le«  tetrainft 
&t«di  meat  aires  ;  leur  liaison  avec  Lh  nuDeniis  ile  for  ct  les  argilee  des 
bijrizm]&(  ■^idi/rolitiques,  81'j.^A.  F.  Clarion.  Hur  lesi  camcterea  d'une 
Coniii'it*  lertiaire,  vobiiie  de^i  Ihvnimiiri'e!4  (Ihih^osfroboM  Stfirnbf^^i),  S2i, 
— ii,  (*ijUeau,  8iiT  les  ealeidrewa  Ecliinidejj  dt^  Strjiinl.ierj;''^  Moravie,  836, 
— I',  de  (ia^parm.  Contribution  h  Tetade  des  ^im  pha^phat^s  dana  la 
n^ifitai  du  sud-est  de  la  I'Vance,  tS;ni,^F.  Urannard.  Adtlition  a  une 
Ntite  siir  line  pe^^matit*^^*  a  «T!iiid^  cristaux  de  chloropbTUite  dea  bordi  du 
ViiSi^i^y,  pres  di*  Montfbri.^on  (Jjoire),  8>^].— PeriTfrin.  Sur  un tremblement 
de.  terrt?  rei^i^enii  a  Nice  le  27  navembrei  IHIO.^Ct,  Liud'^tram.  Sur  \m 
Scor|fi(fn  du  k^rrtuu  filnrieu  de  Suede,  tiw4, — E.  Bureau.  Sur  la  p?#^eDCt* 
do  retuj^^e  h  Old  Her  nioynn  en  Anjnu,  ICKJU.^C.  Grand'EuTy.  FosaUe^  du 
lemdri  hoidller,  trouv^  dans  le  puit-  de  rceberehe  de  Lubi^ne  (Ijftsma  d^« 
BrasaacK  1<'0«J- — Stfiu.  Meuni^r.  Le  kersrmtffu  du  Cn>bic,  1135* — F. 
Oonnurd*  Sur  iin  pliynomenp  de  eristallogruie,  a  propoi?  do  la  fluonjie 
de  lu  ruL'he  Cornet,  yire^  de  Pont|ribaud  (  Puv-de-l>6me)|  1 136. — ^C.  Br(i>D|?* 
nmrt.  Sur  la  deeuuverti^  d'nne  fnTpreinte  dlimecte  dans  \it&  grds  dlurieo^ 
de  Jurques^  Calvadoe*  lll>4,^ — Stan.  Meunier,  Sur  un  vvrre  cnstaUil^i^ 
d*?s  houiilere*^  embnt.*^<§es  de  Commentrj",  1  Ii5f5. 

.     ^ .     .     Tome  c.     Nos.  1-24.     1885. 


E.  Ht^bert.  Sur  le-^  trejnbiement«!  de  wwi  du  midi  de  TEspagiie,  24. — 
B.  Keuftult  et  H,  ZeOler.  Sur  uu  £^fptfjietHm  du  t-errnin  houiller  sup^neuT 
de  Commentri't  7L — .T.  Macpbernon  et  A.  Daubre*5,  Sur  lea  tiemblemi^ils 
de  terre  de  rAndalonaie  du  2'j  d^embre  1884  et  semainea  ^uivantae,  136^^ 
A,  Ciennain*  Sur  quelque.*-uDes  des  partieidarit^^s  obaen''^i  danalesTdceata 
tremblemeny  de  terre  du  yi\sptig\Wj  lOL— L  Donieyko,  ObaerratioDi  f©* 
cueillttis  flur  1^  tremblements  de  torre  pendant  qitarHut^^-six  ana  di»  s^jotur 
fill  Chili,  193. — F.  de  Botella.  Ubi>ei  Viition5  sur  lo^  trLiBbleiueiltt  d«*  lerrtf 
de  rAndalousie  du  25  d^embre  1884  et  semaines  suivantee,  196. — ^Da 
Praia.  Secousses  de  tremblements  de  terre  ressenties  aux  A9ore8  le  22 
d^cembie  1884, 197.— A.  Terreil.    Analyse  d'une  chryaotile  (serpentiiie 
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fifareuse  ayant  Taspect  de  Fasbeste) ;  silice  fibreuse  r^ultant  de  I'actioii  des 
iddes  8ur  lea  serpentines,  251. — A.  F.  Nagu^.    Ph^nom^nes  g^ologiquea 
Drodnits  par  lea  tremblements  de  terre  de  PAndalousie;  du  25  d^cembre 
1884  au  16  janyier  1885,  268. — L.  Dieulafait     Composition  des  cendres 
des  EquLBetac^ea :  application  k  la  formation  houill^re,  284. — G.  Pouchet 
Des  demiers  ^cbouements  de  C^tac^s  sur  la  c6te  firan^aise,  286. — F.  Laur. 
Influence  dea  baisses  barom^triques  brusques  sur  les  tremblements  de 
terre  et  les  ph^nom^nes  ^ruptife,  289. — A.  Ghiudry.    Sur  les  Hy^nes  de 
la  grotte  de  (iargaa  d^couvertes  par  M.  F^lix  Regnault,  325. — H.  Gorceiz. 
Sur  dea  sables  k  monazites  de  Cfaravellas,  province  de  Bahia,  Br^sil,  356. 
— P.  Fischer.    Sur  Texistence  de  Mollusques  pulmon^  terrestres  dans  le 
terrain  permien  de  Sa6ne-et-Loire,  393.— -J.  Macpherson.    Tremblements 
de  terre  en  Espagne,  397. — ^Delamare.    Tremblement  de  terre  ressenti  k 
Landellee,  Calvados,  le  I  f(§vrier  1885,  399. — ^L.  Dieula&it.    Online  de8 
minerais  m^tallif^res  existant  autour  du  plateau  central,  particulii^rement 
dans  lea  C^vennes,  469. — Vanukoff.    Sur  les  r^ultats  recueillis  par  M. 
Sokoloff  ooncemant  la  formation  des  dunes  472. — F.  Fouqu6.    Premieres 
explorations  de  la  mission  charge  de  T^tude  des  r^ents  tremblements  de 
tene  de  TEspaffne,  598. — B.  Renault  et  R.  Zeiller.    Sur  des  Mousses  de 
r^poque  houillere,  660. — L.  Dieulafi&it.    Origine  des  minerais  de  fez^  de 
mtnguite  et  de  zinc,  existant  autour  du  plateau  central,  dans  les  pre- 
mieiB  cakaires  jurassiques  et  &  la  base  de  ces  calcaires,  662. — Stan.  Meu- 
nier.    Sur  un  d^p6t  de  source,  provenant  de  Carmaux,  Tarn,  665. — A. 
Gaudiy.    La  nouvelle  galerie  de  Pal^ntologie  dans  le  Museum  d'His- 
toire  natuielle,  698. — V.  Lemoine.    Sur  les  analogies  et  les  differences  du 
eenre  Simoedosaure,  de  la  f  aune  cemaysienne  des  environs  de  Reims,  avec 
fe  genre  Champsosaure  d'Erqueliones,  753. — F.  A.  Forel.    Bruits  sous- 
;  terrains  entendus  le  26  ao&t  1883  dans  Pilot  de  Caiman-Brae,  mer  des 

1  Carubes,  755. — L.  Dieula&it  Explication  de  la  concentration  des  minerais 

de  zinc  carbonate  dans  les  terrains  dolomitiques,815. — Munier-Chalmas  et 
J.  K.  Schlumbeiger.  Sur  les  MHiolid^es  tr^matophor^es,  818. — B.  Renault 
et  R,  2ieiner.  Sur  un  nouveau  type  de  Cordait^,  867. — L.  Cri6.  Con- 
tribution k  retude  des  Fough^s  ^(H^^nes  de  Touest  de  la  France,  870. — J. 
Martin.  Le  soul^ve  de  la  C6te-d'0r  est  post^rieur  k  I'^poque  albienne, 
S72. — L.  VaiUant  Remarques  compl^mentaires  sur  les  xortues  g^|;an- 
tesques  de  Madagascar,  874.— Stan.  Meunier.  Existence  du  calcaire  k 
Fosolinea  dans  leldorvan,  921. — ^Faye.  Concordance  des  ^poques  g6olo- 
giques  avec  les  dpoques  cosmogoniques,  926. — L.  Dieulafait.  Nouvelle 
contribation  k  la  Question  de  Tacide  borique  d'orinne  non  volcanique,  1017. 
— E-Dest^.  Foret  fossile  de  TAriaona,  1019.— L.  Dru.  Sur  la  recherche 
des  aouroes  au  voisinage  de  Gab^,  10^. — F.  Fouqu^.  Explorations  de  la 
Misnon  charg^  de  T^tude  dee  tremblements  de  terre  de  TAndalousie, 
1049.— M.  Levy  et  J.  Bergeron.  Sur  la  constitution  g^ologique  de  la 
Senania  de  Ronda,  1054.— M.  Bertrand  et  W.  Kilian.  Sur  les  terrains 
■econdaires  et  tertiaires  de  TAndalousie  (provinces  de  Grenade  et  de  Ma- 
laga), 1057.— C.  Barrois  et  A.  Oflfret.  Sur  la  constitution  g^logioue  de 
la  ^erra  Nevada,  des  Alpujarras  et  de  la  Sierra  de  Almjarra,  1060. — 
C.  Grand'EuiT.^ondage  de  Ricaid  k  la  Grand'Combe,  Gard,  1110.— F. 
Fooqn^  Relations  entie  les  ph^nom^nes  pr^sent^s  par  le  tremblement 
de  terre  de  TAndaloosie  etla  constitution  g^logique  ae  la  r^on  aui  en  a 
^  le  flidge,  1113. — R.  Zeiller.  Determination,  par  la  flore  fossile,  ae  T&ge 
rdatif  des  couches  de  houille  de  la  Grand'Combe,  1171.— Guillemin- 
Tuayre.  Sur  la  constitution  min^ralogique  de  la  Sierra  Nevada  de  Gre- 
Mde,  1231.— B.  Renault  et  C.  Eg.  Bertrand.  OrUUtia  spharospemmy 
Gfaytridiac^  fossile  du  terrain  houiller  sup^rieur,  1306. — ^De  Montessns. 
Sv  lea  tremblements  de  terre  et  les  Eruptions  volcaniques  dans  F Am^ri^ue 
eestnie,  1313. — Stan.  Meunier.     Synth^  accidentelle  de  TanorUute, 
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1350. — C.  Velain.  Le  p^n^en  dans  la  r^on  des  Vo8^ee,  1356. — ^A-  Inr>- 
stranzeff.  Appareil  comparateur  poor  T^tude  dee  mm^nuix  non  trans- 
parente,  1396.---StazL  Meunier.  Sur  on  dlex  enhjdre  da  terrain  quater- 
natre  de  la  yall^  du  Loing  (Seine-et-Mame),  1396. — ^L.  R^rolle  et  C. 
Dep^ret.  Sur  le  miocdne  supN^neur  de  la  Ceidagne,  1399. — ^F.  Fouqu^ 
Propagation  de  la  secousse  de  tremblement  de  terre  du  25  d^cembre  1884, 
143d.-— O.  de  Saporta.  Sur  un  type  y^^tal  nouveau  proTenant  du  coral- 
lien  d*Auxey  (Cote^i^Or),  1440.— O.  Cotteau.  Considerations  sur  les 
Echinides  du  terrain  jurassique  en  France,  1515. — A.  de  Schulten.     Re- 

Sroduction  artificielle  de  la  strengite,  1622.— J.  Mac^erson.  Sym^trie 
e  situation  des  lambeaux  arch^ns  des  versants  du  GuadalquiTir:  rap- 
port avec  les  prindpales  dislocations  qui  ont  donn^  k  I'Espagne  son 
relief  1524. 

Paris.    Annalee  des  Mines.     Serie  8.     Tome  iy.     6*  liyraison  de 
1883.     1883. 
£.  Lappierre.    Note  sur  le  bassin  houiller  de  Tete,  region  du  Zamb&se, 
585. — R,  Zeiller.    Note  sur  la  flore  du  bassin  bouiller  de  Tete,  594. 

.    .     .     Tome  V.    1"  livraison  de  1884.     1884. 


M.  Luceyt    Mtooire  sur  le  bassin  houiller  du  Lancashire,  5. 

.    .     .    .     2*  et  3«  livraisons  de  1884.     1884. 

Temier.  Etude  sur  les  Eruptions  du  Hartx,  243. — Euss.  Note 
sur  les  filons  de  quartz  aurif&re  de  FAtajo,  proyince  de  Catamarca,  B^ 
publique  Aigentine,  379. — A.  de  Bovet.  Note  sur  une  exploitation  de 
diamants  pr£  de  Diamantina,  proyince  de  Minas  QeraeS;  Br^il^  465. — 
A.  Gamot    Sur  la  composition  de  la  houille,  Bulletin,  545. 


.    .    .    Tomevi.     4«-6«  livraisons  de  1884.    1884. 

Beyaux.  Etude  des  trayaux  extents  an  tunnel  de  TArlberg,  259. — 
Lariyidre.  Notes  d'un  yoyage  aux  ardoisidres  du  Pays  de  Galles, 
505. 

.    .    .    Tomevii.     1«  livraison  de  1885.     1886. 

A.  Camot.  Analyses  des  eaux  min^rales  fran9aises  ex^ut^ee  au 
Bureau  d'essai  de  TJEIcole  des  Mines,  79. — Braconnier.  Note  sur  I'eau 
min^rale  sul&t^  magn^sienne  de  Cruzy  (H^rault),  143. — ^Bulletin  des 
trayaux  de  chimie  ex^ut^  en  1883,  par  les  ing^nieurs  des  mines  dans  les 
laboratoires  d^partementaux,  145. 

.    Annales  des  Sciences  G^logiques.    Tome  xvi.    Noe.  1  &  2. 

1884.  Purchased. 
G.  Vasseur.  Sur  le  d^p6t  tertiaire  de  Saint-Palais  prfts  Boyan  (Cha- 
rente-lnf^rieure). — G.  Gotteau.  Echinides  du  terrain  ^ocdne  de  Saint- 
Palais. — F.  Fontannes.  Note  sur  quelques  gisements  nouyeaux  des 
terrains  mioc^nes  du  Portugal  et  descrintion  d'un  portunien  du  genre 
Achehus, — H.  IilhoL  De  la  restauration  au  squelette  d'un  Dinocerata. — 
L.  Dieulafait  Etude  sur  les  roches  ophitiques  des  Pyr^n^es. — L.  Dollo. 
Les  d^ouyertes  de  Bemissart 

.    .     — — .     N0S.3&4.     1885.     Presented  hy  M.  H&>ert 

and  M,  A,  MUne-Edwards, 
P.  Gourret.    Constitution  g^logique  du  Larzac  et  des  Gausses  m^- 
dionaux  du  Languedoc. 
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Ptfis.    Annales  dee  Sciences  NatorelleB.    Zoologie  et  Faldontologie. 
S^e  6.  Tome  xvii.   Nos.  1-6.     1884-85.     Purchased. 
G.  Lmdstrom.    Sur  un  Scorpion  du  terrain  silurien  de  SuMe,  No.  10. 

.     .      .     .     Tome  xviii.     Nos.  1-3.      1884. 

Pmthased. 

.    Association  Frangaise    pour    I'Ayancement    des  Sciences. 

Compte  Bendu  de  la  2*  Session,  Bouen,  1883.     1884.     Fur- 

chased, 
R.  P.  Denza.  La  M^t^rite  d'Alfianello,  837.— E.  Bucaille.  Sur  la 
Kfigttrtition  des  ^hinides  dans  le  systdme  cr^tae^  du  d^partement  de  la 
Seine-Infi^eare;  429. — J.  Cloiiet.  Etude  sur  la  chaux  pnosphat^e  natu- 
relle  de  la  Seine-ln£$rieure,  435. — G.  Cotteau.  Note  sur  les  ^chinides  ter- 
tiaires  dee  environs  de  Saint-Palais,  444. — C.  Barrois.  Becherches  sur 
In  terrains  anciens  des  Asturies  et  de  la  Galice,  445. — ^J.  J.  Amielle. 
Origine  des  houilles  et  des  combustibles  min^raux,  458. — A.  P^ron.  Sur 
im  groupe  de  fossiles  de  la  craie  sup^rieure,  461. — P.  Petiton.  Etude 
p^trogiaphique  des  rocbes  de  rindo-Cbine,  470. — ^A.  Le  Marchand. 
Ki^iport  sur  les  excursions  faites  par  la  section  de  Geologic  pendant  le 
Congi^  de  Bouen,  1883,  481. — A.  Qujerdet.  Fragments  de  G^ologie 
Nonnsnde,  485. 

.    Jonmal  de  Conchjliologie.    S^e  3.    Tome  xxiv.    No.  2. 

1884.    Purchased. 

.    .     .    .    No.  3.     1884.     Purchased. 

£.  Vassel.  Description  d'une  nouvelle  espdce  de  Pecten  fossils  du 
Canal  de  Suez,  331. — l)ante  Pantanelli.  Sur  le  Murex  Homesi^  d'  Ancona 
(non  Speyer),  332. 

No.  4.     1884.     Purchased. 

Tome  XXV.     No.  1.     1885.     Purchased. 
L  Mariet    Description  de  Ooquilles  fossiles  du  Bassin  Parisien,  48. 

.    Museum  d'Histoire  NatureUe.    Nouvelles  Arcbives.  S^rie2. 

Tome  vi.    Fasc.  2.     1884. 

.    BevueSoientifique.    S^e3.    Tomexxxiii.     No.  26.  1884. 

.    .     .    Tome  xxxiv.     Nos.  1-26.     1884. 

.    .    .    Tome  XXXV.     Nos.  1-25.     1885. 

.    Sod^t^  G^logique  de  France.    Bulletin.    S^rie3.    Tomeix* 

(1881).  No.  7.  1884. 
C.  Lory.  Course  du  4  Septembre,  aux  carri^res  de  la  Porte  de  France, 
aax  exploitations  de  ciment  et  au  plateau  de  la  Bastille,  582. — C.  Lory. 
Coarse  du  5  Septembre,  de  Grenoble  k  la  Grande  Cbartreuse,  595. — C. 
Lny.  Course  du  7  Septembre  de  Grenoble  k  Sassena^e  et  k  TEchailloD, 
610.— C.  Lory.  Course  du  8  Septembre  de  Grenoble  k  Vizello  et  au 
Boorg-d^Oisans,  620. — C.  Lory.  Excursion  des  9  et  10  Seutembre  du 
BoBw-d'Oiaans  k  la  Grave,  et  retour,  632. — C.  Lory.  Sur  les  scbistes 
cnstalliDs  des  Alpes  occidentales  et  sur  le  r61e  des  failles  dans  la  structure 
ffMoeioQe  de  cette  r^on,  652. — ^E.  Hubert  Sur  la  position  des  calcaires 
de  FEchaiUon  dans  la  sdrie  secondaire,  683.— J.  Gosselet.     Comparaison 
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entre  I'ArdeDne  et  !es  Alpee,  689.— C,  Lory.  R^suiiifi  de  la  course  du 
Imidi,  12  Septembre  l&Bl,  096,  701. — H.  Kiise.  Note  sur  lea  iiloDS  de 
fer  Bpiitbique  du  canton  d'AUevard,  600. 

Paris,  Societe  Geologique  de  Fraoce.  Balletiii*  Serie  3.  Tome  x* 
(1882).  No.  7.  1S84. 
E.  H«^rt.  Aper^u  gt^nt^ral  aur  la  gfelogie  des  environs  de  Foix,  523, 
— E,  Hubert.  Compte-rendu  de  1ft  coulee  du  18  Septembre  a  Vaiillies 
et  Saint- Jean  de  Verges,  SSL— C.  de  Lacoivier,  Compte-rendn  de  Tejcciir- 
flion  de  Vemajoul  a  Banlon,538.^ — C.  de  Lacoivier,  Comptu- rendu  de  Tex- 
cursion  de  Foix  k  Pradi^rea,  643.^E,  Ilebert.  Sur  la  structure  geologique 
dtt  vallon  de  Fradi^res,  MS. — C.  de  Lacoivier.  Compte-rendu  de  IVxcur- 
sion  de  Montgaillaid,  56L— E.  n41>ert.  Compte-reudu  de  l*excujsion  de 
Foix  h,  Lnvelaoet,  et  sur  lY^tage  garumnieuj  55^, — E.  H^l>ert.  Sur  1*Ltiige 
garumnien,  557. — E,  Hubert.  Coupe  au  nord  du  Jtouliu  dllkt,  eur  la 
route  du  Carla,  65B. — E.  Hubert.  Coupe  de  la  Okae  de  PiSreille,  560.— 
E.  H<'^bert.  Disposition  du  terrain  tertiaire  k  Lavelanet,  665, — C.  de 
Lacoivier.  Compte-rendu  de  Vexcursion  de  Benaix  et  de  Villeneuve- 
d'OImea,  670. — E.  Hebert,  Observationa  hur  la  coupe  de  MUeneuve- 
d'Olmes  a  Montferrier,  et  par  suite  sur  la  position  des  Urea  de  ceEe^  dans 
la  aerie  CTt5ti\c&,  57 Ji,- — E,  Hubert.  Succcusioo  des  couches  du  terrain 
cr^tac^  j^uptirieur  a  8aint-Girac»  577, — E,  Hubert.  Compte-rendu  de 
r excursion  du  22  vSeptembre  a  Tareacon  et  UsBat,  585.^Pouech.  Not© 
sur  le  niaaaif  calcaire  de  Taraficon-U^at,  688.-0.  de  Lacoivier.  Compte- 
rendu  de  rexeursiou  du  ftamedi,2SSepteinbre,  firVicdessos,  000. —  E.  HiSb+rt. 
Compte-rendu  de  rexciu-yion  du  niardi^  2iy  vSeptembre,  de  Saint-Girona  a 
Saint-Croix,  614, — E.  Hubert.  Compte-rendu  de  rexcuraion  du  inerciedi, 
27  Septembre,  de  Saint-Croix  a  Audinac,  022. — Pouecli.  Coupee  g6o 
logiquen  duuft  la  region  N.-O.  du  di^partement  de  TAriSge,  632. — Mayer- 
Eymar.  Note  aur  lea  terrains  lerliairea  de  TAri^ge,  637, — E,  Hubert. 
R"^8um^  de  la  Seasion,  64:1 — E.  Hubert.  Le  renversenient  de  Cadarcat 
et  le  Gault  de  Garradoumenc}^,  6<30,^E,  Hubert,  Hur  la  faune  de  Tdtage 
danien  (assies  auptSrieure  et  moyenne)  dans  let*  Pyr6n6ea,  604. 

Tome  xi.  (1883),    No.  8.     1884. 


J.  Gosst'let.  Conipta-rendu  de  la  course  du  2  Septenibre  aux  t^rri^rea 
k  cliftux  hydraulique  de  CbarledUe  et  k  la  trancb^e  du  moulin  Brion, 
634.— J,  Goaselet.  Expose  gigu^ral  de  la  atructure  de  TArdeime,  et  rap- 
poi-t  des  coucbea  primairea  avec  les  termins  aecondaii^ea  et  tt*rtiaireis,  636, — 
A,  Renard.  Note  sur  la  structure  «t  k  comnosition  dea  pliyllades  ardei)- 
nais,  (vi8,— J*  Goaaelet.  Compte-rendu  de  la  course  du  3  Septeiubre  de 
Chiirleville  a  Montberm^,  642.— J,  Gosselet,  Expose  de  la  structuiw  du 
terrtiiu  d<5vomen  aux  envirorm  de  Charleville,  64*1^ J.  Gosselet  et  A. 
Renard.  Compte-rendu  de  rexcursion  du  4  Septembre,  de  Deville  a 
Kevin,  t>49, — J.  Gosselet.  Compte-rendu  de  la  course  du  5  Septembref 
^ur  le  plateau  du  Franc-Boia,  dans  le  ravin  de  rOurs,  et  a  la  rocbe-aux* 
Corpiaa,  059. — J.  Ooeselet.  Observations  aur  le  limon  dea  plateaux  de 
TArdenne,  sur  les  arkosea  metaraorpkiquea  du  Franc-Bois  de  WiUergie  et 
aur  la  structure  du  tuasi*if  cainbrien  de  la  prepqu'ile  de  Rocroi^  002, — J. 
Go8Nelet.  G^ographie  de  TArdenne  auconimeucement  de  I'^poque  dfivo- 
nienne,  0<58. — ^J,  Go.«»sel«t,  Compte-rendu  de  la  course  du  6  Septembre  dd 
Fumay  k  Vireux,,  073. — J.  Gafwelet.  Compte-rendu  de  la  course  du  7 
Septembre,  de  Vireiuc  a  Givet,  et  aux  euvirons  de  Givetj  677. — M.  Mour- 
Ion.  But  le  gr^a  dii  Signal  d'Aafeld,  ob^erv^  prea  de  la  citadeUe  de 
Obarlemont,  08O.~J.  Gosselet*  Claseiti cation  du  terraui  devunien  de 
I'Ardenne,  682.— E.  Dapont.  Compte-rendu  de  la  course  du  8  beptt^mbre, 
de  Mariembouxg  a  Dourbee  et  k  Fagnolle^  686.— M.  Mourlon*    Sur  la 
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oneetion  dee!  facile,  k  propos  du  classement  stratigraphique  des  d6p6t8 
mmenniftUB  de  la  Belgique  et  du  nord  de  la  France,  692. — E.  Dupont. 
Gom^te-rendu  de  rezcursion  du  10  Septembre  de  Merlemont  k  Sautour, 
NeuTillef  Rdy  et  Matagne,  702. — E.  Dupont.  Observations  sur  lea  cal- 
caiies  ooralliene  du  d^vonien  sup^rieur,  704 — M.  Mourlon.  Compter 
rendu  de  I'excursion  du  11  Septembre,  de  Heer  k  Hastidre,  dans  le  terrain 
£unmenien  (d^Tonien  sup^rieur),  708.  —  E.  Dupont  et  M.  Mourlon. 
Compte-rendu  de  la  seconde  partie  de  Tezcursion  du  11  Septembre,  de 
Hasti^  k  Waulsor,  Freyr  et  Dinant,  716. 

Paris.  Society  Geolog:iqae  de  France.  Bulletin.  S^rie  3.  Tome  xii. 
(1884).  N08.4-8.  1884. 
£.  Jannettaz.  M^moire  sur  les  clivages  des  roches  (schistosit^,  lon- 
giain),  et  sur  leur  reproduction,  211. — ^F.  Ameghino.  H^um^  d'un  m^ 
moire  de  M.  Adolphe  Dcering  sur  la  G^ologie  Argentine,  236. — C.  Dep^ret. 
Nouyelles  etudes  sur  les  ruminants  pliocenes  et  quatemaires  d'Auvergne, 
247. — ^A.  de  Lapparent.  Note  sur  les  roches  ^ruptiyes  de  Tile  de  Jersey, 
284. — E.  Fallot.  Note  sur  un  gisement  cr^tac^  fossilif Sre  des  environs  de 
la  gare  d^Eze  (Alpes  maritimes),  289.--H.  Eiiss.  Note  sur  la  constitution 
g^ogique  d'une  partie  de  la  Zaxnb^zie,  803. — M.  Bertrand.  Rapports  de 
stroctore  des  Alpes  de  Glaris  et  du  bassin  houiller  du  Nord,  318.-— F.  Fon- 
tannes.  Note  sur  la  &une  et  la  classification  du  ^'  Groupe  d'Aix,''  dans  le 
(hid,  la  Provence  et  le  Dauphin^,  330. — M.  de  Raincourt.  Note  sur  des 
gisements  fossilif^res  des  sables  mojens,  343.— E.  Haug.  Note  sur 
quelques  espdces  d' Ammonites  nouvelles  ou  peu  connues  du  Lias  sup^rieur, 
346. — F.  Fontannes.  Sor  ime  des  causes  de  la  variation  dans  le  temps  de 
flumes  malacolo^ues,  k  propos  de  la  filiation  des  Ptcten  restitutenm  et 
totMtmtM.  357.— P.  de  Rouvule.  Note  sur  le  D^vonien  de  TH^rault,  364. 
— R.  Zeiller.  Sur  la  d^omination  de  quelques  nouveauz  genres  de  Fou- 
^^res  follies,  366. — Cossmann.  Sur  un  M^moire  concemant  la  faune 
de  r^tage  batnonien  en  France,  370. — A.  Gaudry.  Sur  un  Sir^nien  d'esp^ce 
nouvelle  trouv^  dans  le  bassin  de  Paris,  372. — F.  Fontannes.  Sur  un  nou- 
Teau  gisement  fossilif^re  des  mames  plaisanciennes  de  Saint- Ari^  situd 
pr^  (TEjgui^res  (Bouches  du  Rh6n6),  376. — A.  Parran.  Notice  sur  les 
travaux  g^logiques  de  Louis  Gruner,  380. — D.  CBhlert  Etudes  sur 
juelijues  Bra^opodes  d^voniens,  411. — Bleicher.  Note  sur  la  limite 
mfi§neure  da  Lias  en  Lorraine,  442. — ^F.  Fontannes.  Note  sur  la  prince 
dee  aakblee  k  Fotamides  Basteroti  dans  la  vaU^e  de  la  C^  (Gard^,  447. — 
M.  Bertrand.  Failles  courbes  dans  le  Jura,  et  bassins  d'affaissement, 
452. — ^F.  Fontannes.  Note  sur  la  constitution  du  sous-sol  de  la  Crau,  et 
de  la  plaine  d^Avignon,  463. — L.  Dm.  Note  sur  la  g^ologie  et  Th  jdrologie 
de  la  r^on  de  Bechtaou  (Russie-Oaucase),  474.— -J.  Marcou.  Notes  i 
Foecaaion  du  prochain  Congrha  ^ologique  international  avec  des  remarques 
sur  les  noma  des  terrains  fossilif^res  les  ])lus  anciens,  517. — J.  Bergeron. 
Note  sur  les  strolules  du  Wcilchia  piniformis,  533. — H.  Gorceix.  Gisement 
de  diamants  de  Grao-Mogor  (province  de  Minas-Geraes),  Br^sil,  538. — 
Marquis  de  Raincourt  Note  sur  la  faune  de  Septeuil,  540. — L.  de  Sarran 
d'AlIaid.  Recherches  sur  lee  d^p6ts  fluvio-lacustres  ant^rieurs  et  post^ 
lieurs  aux  assises  marines  de  la  craie  supdrieure  du  d^partement  du  Gard, 
553. — Bourgeat  Note  sur  la  d^couverte  de  trois  lanibeaux  nouveaux  de 
ctoomanien  dans  le  Jura,  630. — G.  RoUand.  R^um^  des  observations 
de  M.  T.  Kjerulf  sur  les  dislocations  de  la  valine  de  Christiania,  637. — 
Lodin.  Note  sur  la  constitution  des  gites  stannif  ^res  de  la  Villeder  (Mor- 
Inhan),  645. — E.  de  Bomy.  Observations  sur  (]^uelques  esp^ces  nouvelles 
do  bassin  de  Paris,  d^ntes  par  M.  le  Marquis  de  Raincourt,  667. — ^R. 
Zeiller.  Sur  des  traces  d'insectes  simulant  des  empreintes  v^^tales,  676. 
— R.  Zeiller.    Note  sur  la  compression  de  quelques  combustibles  fossilesy 
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680, — A.  Pavlow.  NotioiM  sur  le  syet^mo  juTasflique  do  I'Eat  de  1b  Eus^iep 
686. — A.  Tardj.  NouveUes  observations  but  la  Ereeae  on  de  1b  jonction 
du  Pliocene  et  du  Quatemaire,  696.— C.  Lory.  Hemarques  au  sujet  dea 
Alpes  de  Glaria  et  de8  allures  du  terrain  ^oc^ne  danj*  les  Alpe.%  72d — W, 
Kilian.  Not«^  sur  lea  terrains  tertifiii-es  du  territoire  de  Beliort  et  de^  en- 
virons de  Montlk5liftrd  (Doubs),  720.— A.  Locanl  Note  sur  un  C^pha- 
loptide  nouveau  de  la  famille  dea  Lolirriuidre,  Pkurotett^his  cmbthtmy  769. 
— Pouoch.     Note  sur  la  conatitution  g^ologique  de  Pech  de  Foix,  7(16. 

Paris.  Boci^t©  Geologic] ue  de  Prance.  BuHetin,  SerieB.  TomesdiL 
(1885),  Noe.  1-3.  1885. 
DaTj.  A  prop  OS  d'un  nouveau  gisemeDt  du  terrain  dfivomen  sup^ 
rieut  k  Chaudefonds  (Maine-et- Loire),  2.— Zurcher.  Note  fnir  la  zone 
k  AmmoniUs  Sowerhyi  daris  le  S.  0.  du  d(Spartement  du  Var,  0.— H,  l>ou- 
vill^.  Sur  quelques  foaailea  de  la  zone  a  Amm,  Sowerhyi  dcs  environs  da 
Toulon,  12,^A.  Gaudry.  NouveOe  note  sur  les  reptiles  pemiiens  de  Ia 
Moussa^,  44.— A.  Gaudrj.  8ur  une  dent  de  Neow>don  trouv^  dana  lea 
aablea  ferrugineux  de  Wimille,  6  L— Baron  de  Diicker.  Olwervations 
g(5n6rale8  sur  la  g^ologie  d«  rKurope,  dO. — F.  Fontanne^.  Note  aiir  leg 
alluviona  anciennes  de^  environs  de  LyoUj  69.— Bl  Fallot.  Note  aur  lea 
6taffGs  moyena  et  sup^rieurs  du  CrdtaoS  du  sudest  de  k  France,  65. — 
G.  Poirier.  Rectitication  des  contonra  de  rare^le  plastique  sur  la  feuillo 
ff^ologique  de  Provin»,  68.— G.  Poirier.  Bur  1  allure  et  la  composition  de 
Parijire  plastique  dana  le  Montots,  70.— Viguier.  Note  sur  im  lebm 
fofesilifSre  do  la  valine  de  la  Sorgue,  pris  d'Avignon,  79.— De  Brignac*  Lea 
dCfoiB  diluviens  dans  la  vallee  du  Vidourie  83.— S.  CaMeron,  Les  roches 
cnstallineu  ma«siveB  de  TKhpagne,  89,— M.  Bertrand.  Coupes  de  la  chauie 
de  la  8ainte-Beaume,  Provence^  115,— R.  Zeiller.  Note  sur  k  floie  et 
sur  le  niveau  relat if  des  couches  houUleres  de  la  Grand'Comh*?,  Gard,  13L 
—J.  Lambert.  l^Bentation  d'un  travail  sur  le  Juraasiqtie  moven  da 
toartement  de  TYonne,  1/53.— F.  Delaf^jnd.  Note  sur  les  aaWes  » 
Ma^odmi  arrenitmk  de  Tr^voux  ©t  de  Montmerle  (Ain),  1(31.— Bour- 
tfeat,  Sur  la  liinite  du  bajocien  et  du  batbonien  dans  le  Jura:  caracteres 
et  degr^  de  d^veloppement  que  ce  dernier  pr<5&eDte,  107.— G.  de  Saporta, 
Note  k  Tappiu  de  eon  m^naoire  aur  lea  organLsme^  probMmatique^^  dea 


de  la  laune  Eocene  du  bas-^in  de  PariK,  19L— V.  I^moine.  Etude  sur 
qufJque-8  Maiunjif^rei!  de  p*?tite  taille  dela  faune  cem aysii^n tie  dei*  environs 
de  Keims,  20:3.— M.  Mieff.  Note  sur  nn  gi?€>ment  des  couches  a  Pmdo- 
nom^a  Bronni  k  Minversheim  (Basse-.llsace),  217. 

Memoires.    B6ne  3.    Tome  iii.    No.  2.     1884. 


P.  Thotoaa.     Rechercbes  stratigrapbiques  et  pal6ontologiquee  aur  quel- 
qmn  fonuatioua  d*eaii  douce  de  rAlg<5rie,  1, 

Penzance.     Eoyal  Geological  Sot-iety  of  Cornwall.     Transactions, 

YoL  X.  Part  7.  1885. 
^  W,  "VV.  8myth.  Presideotial  Addii^s."?,  ccxxii.— A.  SomervaO  and  H* 
Fox.  On  the  UL-eurrence  of  Volcanic  Tulfs,  Breccia,  &c.  in  the  MeneagB 
Bii^tnct,  18t>.— li.  N,  Worth.  The  liaised  Beaches  on  PI  vmouth  Hoe.  204. 
— T,  \^^  MiDett,  Noti-s  nn  the  Fossil  Forumiinfera  of  the  8t.  Ertfi  Clay- 
pts,  ^13,— R.  J.  Frechedlle.  The  Umber  Bepn.^its  at  Ashburton.  210,— 
C.  Le  Neve  Foster.  Note  to  accompany  a  Specimeu  of  Native  Gold  from 
Leadville,  Colorado,  220. 
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Philadelphia.     Academy  of  Katoral  Scienoes.    JoumaL    Ser.  2. 
VoLix.    Parti.     1884. 
A.  Heilprin.     The  Tertiary  G^logy  of  the  Eafitem  and  Southern 
United  States,  116. 

.     .    Proceedings,  1884.    Part  2.     1884. 

E.  N.  S.  Rinffuebeig.  New  Fossils  from  the  four  Groups  of  the  Nia- 
frara  Period  of  Western  New  York^  144. — ^H.  0.  Lewis.  Volcanic  Dust 
from  Krakatoa,  185. — J.  WiUcock.  Notes  on  the  Gtology  and  Natural 
History  of  the  West  Coast  of  Florida.  188.~A.  E.  Foote.  A  large  Zircon, 
214.— F.  D.  Chester.  Preliminary  Notes  on  the  Geology  of  Delaware : 
Lftoientian,  Palssozoic,  and  Cretaceous  Areas,  237. 

.    .    .    Parts.     1886. 

A.  Heilprin.  On  a  remarkable  Exposure  of  Columnar  Trap  near  Orange, 
New  Jersey,  318. — ^A.  Heilprin.  Notes  on  some  new  Foraminifera  from 
the  Nummiditic  Formation  of  Florida,  821. 

. .    ,1885.    Parti.     1886. 


6.  A.  Koenig.  A  new  Locality  for  Beegerite,  10. — J.  Leidy.  iZAmo- 
eeroB  and  Smotherium  from  Florida,  32.— S.  H.  Scudder.  New  Genera 
and  Species  of  Fossil  Cockroaches  from  the  older  American  Rocks,  34. — 
J.  Leidy.    Remarks  on  Mylodan,  40. 

.     American  Philosophical  Society.     Proceedings.     Vol.  zxi» 

No8.  116  &  116.  1884. 
£.  W.  Claypole.  On  the  Clinton  and  other  Shales  &c.  compodng  the 
Fifth  Ghroup  m  the  First  Survey  of  Pennsylyania.  492. — ^E.  D.  Cope. 
Synopsis  of  the  Species  of  Oreodontidss,  603. — ^E.  D.  Cope.  On  tne 
Structure  of  the  Skull  in  the  Elasmobranch  genus  Dufymoaus,  672. — ^P. 
Frazer.  Trap  Dykes  in  the  Archaean  Rocks  of  South-eastern  Pennsyl* 
▼ania,  691.— F.  A.  Genth.  On  Heredite,  694,-0.  A.  Ashbumer.  Notes 
on  the  Natural  Bridge  of  '^^Iginia,  699. 

Photographic  Socieiy  of  Great  Britain.    Journal  and  Transactions* 
N.S.    VoLix.    Nos.  1-9.     1884-85. 

Physical  Society  of  London.     Proceedings.     VoL  vi.   Parts  2-4. 
1884-85. 

Pisa.  Sodetl^  Toscana  di  Scienze  Natnrali.    Atti.   Memorie.  YoLiv* 
Fasc  3.    1885. 

.    .    .    Proceesi  VerbaH.    VoL  ir.  (1884).    Pp.73- 

146.  1884. 
G.  MeneghinL  Nuove  specie  di  Ammoniti  dell'  Apennino  centrale.  76. 
— ^M.  Gaoavaii.  A  proposito  di  una  recente  pubolicazione  del  aott. 
Wabner  salle  ammomti  aelle  Alpi  orientali,  84.— J.  Cocchi.  Nuuvi  fos- 
rili  del  Vinffone  in  Val  di  Chiana,  84.— G.  Meneghini.  EUipsactima  del 
Gargpkio  e  cu  Gebel  Ersass  in  Tunisia,  106.— M.  Canayari.  Brachiopodi 
retid  della  Calabria  Citeriore,  113. 

PlymontL    Devonshire  Association  for  the  Advancement  of  Science, 
literature,  and  Art.      Eeport  and  Transactions.      Vol.  zyi. 
1884. 
W.  PeDgelly.     The  Literature  of  Kent's  Cavern,  Part  V.,  189.— 
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W.  Pengelly.  Kent's  Cavern  and  Glacial  or  Pre-Gljicial  Maii,  480.— W. 
l)ownea.  On  a  newlv-dkcovered  Dyke  of  Mica-trap  at  Roseafih,  nmt 
HouthmoltoBj  498. — B*^  Parfitt.  On  ilarthquakea  in  Devonsliire^  640- — 
W.  PeiigeUy.  Notes  on  Notices  of  the  Geology  and  Palaeontology  of 
DevonBuire,  755. 

Plymouth.  Bevonahire  Asscwjiation  for  the  Advancement  of  Science, 
Literature,  and  Art.  Report  and  Tranaactions.  Supplement, 
1884.     The  Bevonshiro  Bomcaday.     Part  1.    (Svo.)     1884. 

Plymouth  Institution  and  Bevon  and  Cornwall  Nahiral  Hiafcory 
Society.  Annual  Koporfc  and  Transactiona.  Vol,  viii*  Part  3 
(18831-84).     1884. 

Prague .  Naturwissenachaf tliehe  Land  esdurclif orach ung  von  Bohmen. 
Arehiv,     Band  iii.     Abth.  1.     1884, 

Baud  iv.     No.  1,     1878. 


A.  Fric.     Die  Weiaaenberger  und  Mainitzer  Schidite%  1. 

.     -^ — .     '.     ^~,     No.  2.     1879. 

J.  Krejci  und  R.  Helmhacker,    Erlauterongen  zur  ^eologisclien  Kaile 
der  Uingebungen  von  Prag,  1. 

No.  4.     1882. 


£.  Bo  rick  y,    Petrologisdie  Sludien  an  den  PorphjTgeateinen  Bohmen^, 
I.  Theil,  1.  ^ 

.     — -.    .    .     No.  6.     188L 

G.  Feiatmantel.     Der  Hangendflotzzug  im  Schlan-Eakonitzer  Stein- 
kohlenbecken,  1. 

Band  V.     No.  L     1882. 


J.  Krejci  und  R.  Helmhacker.    Erlauterungen  zur  geologiscben  Karte 

dea  Eiaen^birgefl  (Zelezn^  Ilory)  und  der  angTenzenden  Gegendeo  im 
iiKt lichen  Bubinen,  1, 

No.  2.     1883. 


A*  Fnh,    Bte  Iseradiichten,  1. 

.     .     ',    .     No.  3.     1883. 

0.  Febtmantel.     Die  mittelbohmiBche  Steinkohlen-Ablagerimg,  1, 

Princeton,  N.  J.      E.  M.  Muaeum  of  Geology   and  ArchflBology. 
Third  Annual  Report,  1884.     1884.     (8vo.) 

Qoekett  AficroBcopical  Club.     Journal.    Ser.  2.     Vol.  ii.    No*  9, 
1884. 

-^.     .     .     ^.     No,  10.     1884, 

- — .    . .     .     No.  12.     1885. 


Rio  de  Janeiro  (Ouro     Proto).  Eacola  de  Minaa  de  Ouro  Preto. 

Aiinaea.     No,  3.     1884. 

H.  Gorceix.    Lund  e  eiias  obras  no  Brazil,  9*— -P.  W*  Lmid-    Cavemaa 

exidtentes  uo  calcareo  do  inti^rior  do  Brazil,  contoudo  olgUDias  dellas  oa- 

aadu  foaaeia,  i31K— H.  Gorceix«     Baciad  terdarioa  d*ague  doce  nos  aire- 
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doree  de  Oaro  Preto  (GkuidaTela  e  Fonseca),  Minas  Geraes,  Brazil,  95. — 
H.  Ooroeix.  Noticia  relativa  a  alguns  mineraea  dos  cascalhes  diamanti- 
feioe  contendo  addo  pbospborico,  alumina  e  outras  terras  da  f  amilia  do 
cerium,  197. — ^H.  €h>rceix.  Noticia  relativa  a  um  zeolitho  de  uma  rocha 
VTroxenica  da  bada  do  Abaet^,  Minas  G^raes,  206. — J.  0.  da  Gosta-Sena. 
Noticia  eobre  a  Seorodita  existente  nas  visinhaDCaB  do  Airaial  de  Antonio 
Pereiia  e  sobre  a  Hydrai]g;illita  dos  arredores  de  Ouro  Preto,  211. — H. 
Goiceix.  Eetudo  dos  mineraes  que  accompanbio  o  diamante  na  jazida 
de  Sdobro,  prorinda  da  Babia,  Brazil,  219. 

Borne.  BeaJe  Accademia  dei  linoei.  Attd.  Serie  3.  Memorie* 
Vol.  xiv.  (1882-83).  1883. 
J.  Cafid.  La  formazione  miocenica  nel  territorio  di  Licodio-Eubea, 
59.— E.  Mattirob.  Su  tre  rocde  di  San  Piero  in  Campo  (Isola  d'  £lba), 
173.— L.  Bombicd.  Sull'  aerolito  caduto  presso  Alfianello  e  Yerolanuoya 
(provinda  di  Bresda);  suUa  causa  delle  detonazioni  cbe  accompagnano  la 
caduta  dei  bolidi ;  et  sulla  costante  presenza  del  ferro  nolle  meteoriti, 
676. 

.  .   . .  Vol.  XV.  (1882-83).    1883. 

G.  Spezia.    Osservazioni  sulla  melanoflagite,  300. — G.  de  Stefani.    Gs-  , 
serrazioni  stratigraficbe  sui  dintomi  di  Serravezza,  467. — A.  Veni  e  G. 
F.  Parona.    I.  Studi  ffeologid  suUe  concbe  di  Tend  e  di  Kieti.    II.  Gon- 
tribato  alio  studio  deUa  f aima  liassica  dell'  Appenino  centrale,  665. 

.    .    .    .    .    Vol.  xvi.  (1882-83).    1883. 

.    .    .    .    .   VoL  xvii.  (1883-84).   1884. 

.    .    .    .     TransuntL    Vol.  viii.    Fasc.  11-16. 

1884. 
A  Coesa  e  G.  La  Valle.     Sopra  nn  silicato  basico  idrato  di  barite. 
290. 

.    .     .    Serie  4.     Rendiconti.     Vol.  i.    Fasc.  1-12. 

1884. 
Q.  Oanellini.  Del  Zifiode  fossile  {Chenoziphitis  planirogtris)  scoperto 
Delle  saboie  iJiocenicbe  di  Fan^onero  presso  Siena,  6. — G.  Striiver.  ouUa 
columbite  di  Cravezzia  in  Val  Vigezzo,  8. — G.  GapellinL  Resti  fossili  di 
Dicphdiim  e  Mesoplodon  raccolti  nel  Terziario  superiore  in  Italia,  171. — 
0.  otriiTer.  Gontribuzione  alia  mineraloffia  dei  vmcani  sabatini :  Parte  I. 
Sui  proietti  minerali  vulcanici  trovati  ad  est  del  la^o  di  Bracdano,  178. 
'-^,  Ponzi.  Gonglomerato  del  Tavolato :  trivellazione  del  fortino  sulla 
Tia  Appia  presso  la  tomba  di  Gedlia  Metalla.  Storia  dei  vulcani  laziali, 
iccresciuta  e  corretta,  319. 

.   Beale  Comitato  Geologico  d'  Italia.    BoUettino.    Anno  xv. 

(1884).  1884. 
L  Mazzuoli  ed  A.  Issel.  Nota  sulla  zona  di  coincidenza  delle  forma- 
noni  ofiolitiche  eocenica  e  triasica  della  Li^furia  occidentale,  2. — A.  Issel. 
D^  existenza  di  una  zona  ofiolitica  terziaria  a  Rivara  Ganavese,  23. — 
A  Ne^  Le  valli  del  Leogra,  di  Posina,  di  Lagbi  e  dell'  Astico,  nd 
Vicentmo,  83,  81. — B.  Lotti.  Osservazioni  geologicbe  sulle  isole  deU' 
Aidpela^  toecano,  56. — ^H.  Fdrstner.  Sunto  di  uno  studio  sui  feldi- 
•pti  di  Pantellaria,  61. — B.  Lotti.  Gondderazioni  sulla  etH  e  sulla  ori- 
gine  dei  graniti  toecani,  115. — G.  B.  Rocco.    Appunti  di  una  escurdone 
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minerariam  Toflcana,  129.— Quintino  SeEa :  n©cit>logm,  ISO.—S.  SpeciBloL 
Le  laole  Pelade,  101.— D.  Zaccagna.  Sulk  coatituzioue  g©ologica  della 
Alpi  manttime,  167,— F.  Coppi,  U  Miocene  medio  nei  colli  modeaeri ; 
appeudice  alia  Paleoutolog^a  modimese,  17L— E.  CorWse  e  M,  CmmvarL 
NiioTi  apnunti  jfeologici  aul  Gareano,  225,  288.— L,  Bucca.  Sopra  alcuD© 
TQcde  d«]ia  sene  cristallinft  di  Calabria,  240 —  A.  Bittnef.  Note  geolo- 
giche  Bul  triaa  di  Recoaro,  249.— Ferdinando  v,  Hochatetter:  NecnSogia, 
S88,— D.  LoTisato,  Nota  sopra  il  penniano  ed  il  triasico  delk  Nuixa  in 
Sardegna,  ilOS. — G,  Vom  Rath.  Escursioui  geologielie  in  Corsica  e 
Sardegna,  325. — E,  Dalmer.  SuUe  condizioni  geologiche  deU'  isola  d' 
Elba,  320.— L.  Baldaeci  e  M.  Can  avail.  Le  r^^one  centm!©  del  Gran 
SmBo  d'  Italia,  346,— B-  Lotti.  La  miniera  cupnfera  di  Montecatini  (Val 
di  Cecina)  e  i  Bnoi  dintorm,  359.— L.  Mazzuoli.  Nota  sulle  fonQawoni 
ofiolitiche  delle  valle  de  Peana  nell*  Appennino  lignre,  394, 

Boyal  Agricaltural  Society  of  England.    Journal-    Ser.  2.    ?oL  xx. 
Part  2.     No,  40.     1884. 

- — ^ .     VoLxxi.    Fartl.     No,  4L     1885. 


Royal  Asiatic  Society  of  Great  Britain  aad  Ireland.     Journal.     N  8 
VoLxvi.     Port  4.     1884. 

■'     .     .     Vol  3Tii.     ParU  1  &  2.     188S. 


Royal   Aatronontical   Hociety.      Memoirs,      Vol,   xlviii.      Part   1 

1884, 

Royal  College  of  Snrgoons.     Calendar,  1884.     1884. 

Boyal  Geo^rapMcal  Society.     Proceedings.     VoL  vi.    Noa.  7-15. 
1884. 
0.  M.  Donghtjr.    Travels  in  Nortb-weBtem  Arabia  and  Nejd,  382. 

- — ,     YoL  vii.     Noa.  1-G.     1885. 


Royal  Institution  of  Great  Biitain*     Proceedings.    Vol.  x.   Part  3 
No.  77.     1884 

.     Vol.  xi.    Part  1.     No.  78.     1885. 


T.  G.  Bonney.    Tbe  Building  of  the  Alps,  53,— J.  W.  Judd.     Kiaka- 
toa,  85. 

Royal  Meteorological  Society.     Quarterly  Journal,  1884.    Vol  x, 
Nofl.  50^2.     1884. 

.    ,  1885.     Vol,  xL    Nob.  53  &  64.     1885. 

Royal  MicroBOopieai  Society.    Journal     Ser.  2.     VoL  iv      Parts 
4^6.     1884. 


Vol  V.     Farts  1  &  2.     1885, 


E.  Wethered    On  the  Structure  and  Origin  of  Caxboniferous  Coal- 
seamsj  406. 
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Boyal  Society.    Philosophical  Transactions.     VoL  dxziy.    Part  3. 
1884. 

.    .     VoLdxxv.    Parti.     1884. 

R.  Owen.  Description  of  Teeth  of  a  large  Extinct  (Marsupial  P)  genus 
Scepamodonj  Ramsay,  246. — R.  Owen.  JGvidence  of  a  large  Extinct 
ViixA  {NotioMurvs  dentatusj  Owen)  from  Pleistocene  Deposits,  New 
South  Wales,  Australia,  249. — R.  Owen.  Evidence  of  a  large  Extinct 
Monotreme  (Echidna  Itamsayi,  Owen),  from  the  Wellington  Breccia  Gave, 
New  South  Wales,  273. 

.    Proceedings.    Vol.  xxxvi.    No.  231.    1884. 

T.  G.  Bonney.   Notes  on  the  Microscopic  Structure  of  some  Rocks  from 
tlie  Andes  of  Ecuador,  collected  by  Edward  Whymper :  No.  11.  Anti- 
,426. 


.    •    Vol.  xxxvii.    Nos.  232&234.     1884. 

T.  G.  Bonney.  Notes  on  the  Microscopic  Structure  of  some  Rocks  from 
the  Andes  of  Ecuador,  collected  by  E.  Whymper :  No.  m.  Ootopaxi  and 
Chimborazo,  114 — ^T.  G.  Bonney.  Notes  on  tne  Structure  of  some  Rocks 
from  die  Andes  of  Ecuador,  collected  by  E.  Why  mner :  No.IV.Carihuairazo, 
CAyambe,  and  Oorazon,  181. — ^T.  G.  Bonney.  Notes  on  the  Microscomc 
Structure  of  some  Rocks  from  the  Andes  of  Ecuador,  collected  by  E. 
Whymper:  No.  V.  Conclusion:  Altar,  lUinizar,  Sinchologua,  Cato- 
dcln,  Saia-urcu,  &c.,  dd4. 


VoL  xxxviiL    Nos.  235  &  236.     1885. 


J.  &.  Gardner.  On  the  Evidence  of  Fossil  Plants  regarding  the  Age 
of  the  Tertiary  Basalts  of  the  North-east  Atlantic,  14.--Coutts  Trotter. 
On  some  Physical  Properties  of  Ice  and  on  the  Motion  of  Glaciers,  with 
special  reference  to  the  late  Oanon  Mosele/s  Objections  to  Gravitation- 
Theories,  02. — J.  Prestwich.  On  Underground  Temperatures,  with  Obser- 
Taticms  on  the  Conductivity  of  Rocks,  on  the  Thermal  Efiects  of  Satura- 
tion and  Imbilntion,  and  on  a  special  Sfource  of  Heat  in  Mountun  Ran^s, 
161.~0bituai7  Notices:  Robert  Alfred  Cloyne  Gh)dwin- Austen,  iv; 
John  Gwyn  Jeffireys,  xiv. 

Bngby  Sdiool  Natural  History  Society.     Report  for  the  year  1884. 
1885. 

St  Louis.     Museum  of  the  Uniyersity  of  the  State  of  Missouri 
(Columbia,  Mo.).    Bulletin.    VoL  L     No.  1.     1884.    (8vo.) 
J.  W.  Spencer.    Niagara  Fossils,  1. 

St  Petexabuig.      Aoad^mie  Imp^riale  des  Sdences.       Bulletin. 
Tome  TTJT,    Nob.  3  &  4.    1884. 

^    •    .    Tome  XXX.    No.  1.    1885. 

.    .    M^moiree.    S^rie  7.    Tome  xxxi.     Nos.  15  <&  16. 

1883. 
P.  W.  Jeimejew.   Russische  Oaledonit-  und  Lioarit-Eiystalle,  No.  16. 

.    .    .    .    Tome  xxxii.     Nob.  1-13.     1884. 

A  Earpinsky.  Die  fossilen  Pteropoden  am  Ostabhange  des  Urals, 
ISo.  L— a  Nikitin.    Die  fluss-Th^er  des  mittleren  Russhmds,  No.  5. 
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Solem.      Peabody   Academy  of  Science*      Anniial  Eeports  of  the 
Trusfcees,  1874-84.     1885, 

San  Francisco.    Califomian  Academj' of  Sciences*    Bulletiu,    Nos.  2 
&  3  (1885).     1885. 
A.  W.  Jackson.    On  the  Morphology  of  Colemanite,  3. — J.  T,  Etaitfi. 
Tlie  Chemical  Proper  ties  and  Relations  of  Colemanite,  87. 

Sanitary  Institut-e  of  Great  Britain.     Transactiona.    VoL  v,  (1883- 
84).     1884. 
W.  EaBsie*    The  Belationship  between  Geology  and  Sanitation,  21. 

Society  of  Arts.     JoEmal,     Nos.  1 049-1 675.     1884. 

.    .     jS^os.  1676^1700,     1886* 

-,     .     Index  to  Yolumes  xxi-nx.  (1871-^2),     1884. 

Society  of  Biblical  Arcba&olog}'.     Proceedings,     YoL  iv.  (1883-84), 
18S4. 

Stockbolm*  Geolog:i8ka  Forening.  Forbandlingar*  Bandet  Tii. 
Haft.  5-11.  1884-85, 
A.  W.  Cronquist.  Dm  n%ra  fdrrittrin^sprodukter  i  Granrotegnifran 
af  Klackher^tttltet  t  Norbergs  btrprsla^,  i^44.— A,  W.  Cronquist.  J^figra 
ord  om  orsaien  till  qTartstegela  svftllniDg^  255,^ A,  W.  Cronquist.  Ce- 
ment^Mftbm  frSn  Styggforeen  i  Bodn  aocJcen  af  Kopparbei^  laii|  560.^ 
M,  WeibijlL  MineralogiBka  noti^er  l-;i,  ^6.3.— A.  Sjogren.  Om  Kata- 
pleiitens  kemiska  aamiuansftttning^och  konfltitution,269. — (j.NordenfltriJm. 
Nfigm  erimitig-ar  om  fiaigt^nia  i  aldre  tider  rornnde  vfira  maimers  fbre- 
komstsatt,  27Ct  — G.  C.  v.  Sch  mole  usee.  Om  leptii^nakalkeu  plate  i  den 
sihiriska  kgerserieu,  280. — W.  Lhidgren.  Aiimi  nSgra  ord  om  Beraeli- 
iten,  2^U.— E,  Svedniark.  Om  nSgra  svenska  akapolitforande  bergurter, 
203,— S.  L.  Tomqujst.  Till  sporsmSlet  om  lept-Tnakiilktinsi^der,  m'ed  an- 
ledning  af  G.  C.  v.  St'bnualeus^efl  bestamuing  af  densamma,  304. — A.  G. 
llbgbom,  En  niodilikatiun  af  Wredes  afTkgriingsiiiatrument,  328. — H.  v. 
Post.  Om  sodaballigt  vatten  Mn  bon-hilet  n:o  3  vid  Bjuf,  ;13L— F. 
Eichstadt.  Mikroskopii'k  undersokning  af  olivinsteiiHr  och  serpentiner 
frlo  Norrland,  333.— -ll.  Sjogren,  Kristallogratiska  atudier,  360. — P.  Gu- 
mifilius.  Ett  par  iakttageber  om  iulandHineus  verkan  p8  nnderligijaiide 
bergetj  380— L.  J.  Igolatrom.  En  for  uorden  ovanlig  blyglaiiHbildoing, 
393.— 11.  Sjogren.  Om  mangnnarseniatemas  Mn  ^ordma^ken  forekomsi- 
fiatt  och  parBgene&ijs,  4€7.— W.  C.  Brogger.  Om  en  ny  koiistruktion  af 
et  isolationtf-apparat  for  p«tro;.Ta!i^ke  undersogelser,  417.— W.  G.  Brog- 
ger. Om  Katapleitaiu*  tviQiuglove,  4l*7, — L.  J.  IgtdstriJm.  KrietalHserail 
albit  oeh  titanit  frSn  St.  Morkhult^grufTan  i  Filipetads  beigslag ;  Igel- 
strondt  fr£n  KnipKrufvan,  Ludvika  ftt>cken,  St.  Kopparberga  Ian,  4Sl.— 
G.  de  Get*r.  Om  den  akandinaviska  landiseiij*  andra  utbredning,  430.— 
G*  de  Geer.  Om  AvUmmmax  miadrntm,  Bly.,  i  nordostra  SkSne^  478, — 
8.  L.  Torn  qui  Bt.  Genmale  pS  M.  Stop^is  uppsatta  *'  Om  Dalarnea  ttod* 
atenar  II.»"  480.— O.  GuraaeliuB.  Sjon  hjelmarena  foma  vattenhojd,  488. 
— 0.  GumtEliua,  Samling  af  underratt<4sar  om  jordetotm*  i  Sverig«,  600, 
— A.  E.  Tomebohm.  Om  de  geologiska  Hvfirigh'etema  kHng  rikagriUiflen, 
fjOl. — H,  Sjogren.  Om  jemmalmema  vid  Moravicza  och  Dognicaka  1 
Banatet,  614. — A.  G,  Nathorst.     N&graord  om  glipeandatenen  i  DHlarntv 
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537.— A.  E.  Tornebohm.  Om  de  geologiska  forhUlandena  i  trakten  kring 
Atridaberg  och  Berebo,  662. — ^W.  C.  Brogger.  Forelobig  meddelelee  om 
to  nye  nonke  mineraler,  L&venit  og  Cappelenit,  698.-6.  Nordenstrom. 
Preuminart  meddlande  om  jordbamiogeuma  i  Spanien  i  December  1884, 
600.— L.  J.  Igektrom.  2d!aiiganoxidul-ar8eiiiateT  fr&n  L&ngyik,  Gry- 
thjtte  80cken,  Orebro  Ian,  609. — F.  Eichstadt.  Om  qyartsit-diabaskon- 
riomeratet  fip&n  bladen  "  Nydala,"  "Vexio,"  och  **  Karlshamn,'' 610.— F. 
Srenonioa.  Nfigra  profiler  inom  mellersta  Skandinaviens  skifieromr&de. 
631. 

Stuttgart.  Nenes  Jabrbuch  fur  Mineralogie,  Oeologie  and  Palaon- 
tologie,  1884.  Band  ii.  Heft  3.  1884. 
P.  Scharizer.  Die  basaltiscbe  Hornblende  yon  Jan  Majen  nebet  Be- 
merknngen  iiber  die  Constitution  der  thonerdehaltenden  Amphibole,  143. 
— C.  Bammelsbeig.  Ueber  den  Boronatrocalcit  und  die  naturlichen 
Borate  iiberhaupty  168. — ^F.  Rinne.  Beitrage  zur  Eenntniss  des  Erystall- 
flystems  des  24inkoxyds  (Zinkits,  Hothzinkerzes),  164. — P.  Mann.  Unter- 
mchmi^  iiber  die  chemiscbe  Zusammensetzung  einiger  Augite  aus 
PhoDobthen  und  yerwandten  G^teinen,  172. — ^P.  Jannaacb.  I^ber  die 
Bestimmung  des  aus  Mineralen  durcb  Trockenmittel  abscbeidbaren 
Waners,  spedell  bei  Heulandit  und  Epistilbit,  206. — ^H.  flscher.  Ueber 
Nephiitbeiie  aus  Brasilien  und  Venezuela,  214. — 0.  Dolter.  Erbit- 
znngsyersucbe  an  Yesuyian,  Apatit,  Tourmalin,  217. — H.  Sommerlad. 
Leudt-  und  Nepbelinbasalt  aus  dem  Vogelsberg,  221. — S.  L.  Penfield. 
Ueber  Erwarmungsyersucbe  an  Leudt  una  anderen  Mineralien,  224. — L. 
T.  Werveke.  Rutil  in  Diabascontactproducten — Durcb  Diabas  yeranderte 
Schiefer  im  Gebiet  der  Saar  und  Mosel,  226. 

.    ,  1885.    Band  i.    Hefte  1-^.     1885. 

B.  Kolenko.  Mikroskopiscbe  Untersucbung  einiger  Eruptiy^^esteine  yon 
der  Banks-Halbinsel,  Neu-Seeland,  1. — ^A.  Strong.  Ueber  emige  milo'o- 
•kopiach-cbemiscbe  Reaktionen,  fil. — C.  Dolter.  Ueber  die  Abhangig- 
keit  der  optiscben  Eigenschaften  yon  der  cbemischen  Zusammensetzung 
beim  Pyroxen,  43. — J.  E.  Wolff.  Nephelingesteine  in  den  Vereinij^ten 
SUaten,  69. — M.  yon  Miklucbo-Maclay.  Beobacbtungen  an  einigen 
Scbiefem  yon  dem  Berge  Poroecbnaja  bei  Nischne-Tagilsk  im  Ural,  69. — 
A  G.  Natborst.  Ueber  die  Beziebun^en  der  islandisch^n  Gletscherabla- 
gBnugen  zum  norddeutscben  Diluyialsand  und  Diluyialtbon,  74. — T. 
liebisch.  Ueber  eine  Goniometeryorrichtung,  welcbe  zur  Messung  zer- 
wubirer  Kirstalle  dient,  76. — G.  Vom  Rath.  Ueber  Colemanit,  77. — M. 
Websky.  Ueber  die  Ein-  und  Mebrdeutigkeit  der  FundamentaJ-Bogen- 
Compleze  fur  die  Elemente  monoklinischer  Crystall-Gattungen,  79. — P. 
Jimusch.  Ueber  den  Wasseigebalt  des  Klinochlors  yon  der  Mussa 
Alpe,  92. — ^R.  Brauns.  Einige  Beobachtungen  imd  Bemerkungen  zur 
BeorUimlung  optiscb  anomaler  Erystalle,  96. — W.  Yoigt.  Erklarung  der 
Farbenerscbeinungen  pleocbroitiscber  Krystalle,  119.—%^.  Greim.  Ueber 
den  Diluyialsand  yon  Dmrmstadt,  142. — ^M.  Neumayr  imd  A.  Bittner.  Das 
Schiefergebirg  bei  Athen,  161. — ^A.  Weisbach. — ^Ueber  Herderit,  164. — 
H.  Tmrtacbold.  Ueber  Trematina  foveolata^  166. — J.  y.  Siemiradzki. 
Hypenthenandesit  aus  W.  Ecuador,  166. — G.  Vom  Rath.  Ueber  das 
(liagreyier  yon  Butte,  Montana,  168. — ^F.  Sandberger.  Borsauregehalt  des 
Q&nmws ;  Mangangehalt  eines  Apatits,  171. — 0.  Winkler. — ^Ueber  Her- 
darit,  172. — ^A.  Streng.  Erwiderung  [in  reference  to  a  paper  by  A. 
Wiehmann],  174. — £.  Cohen.  Das  labradoritf iihrende  Gestein  der  Kiiste 
▼OB  Labrador,  183. — ^F.  Sandberger.  Fairfieldit  yon  Rabenstein.  Pseu- 
doiDorpbosen  yon  Quartz  und  Aloit  nach  Ealkspath,  186. — J.  Graul.  Die 
totiaien  Ablagerungen  des  Soilings,  187. — K.  Obbeke.      Ueber  das  Ge- 
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Stein  vom  Tacoma-Bernf,  Wftshington  Territory,  222. — L,  v,  Werveke. 
Ueber  Ottrelithgesteiue  von  Ottn5  und  Viel-Salm,  227. — E.  Briiclmer. 
Uober  die  Vergletscherung  Ost-SibirienSj  236, — A.  Stren^,  Diopsid  von 
Zenuatt,  238.^ A,  Kenngott,  Kephrit  Ton  JordauBmiilil  In  Schleeien ; 
Magnetism  U8  des  Tiperaiiges  \  Topaa  Ton  Ouro  Preto,  239. — E*  Cob  en, 
Benchtigufig  beziigUcb  des  '*  Olivin-Dialla^-Geateina "  von  S<'bru\'*beini 
im  Odenwald,  242. — R.  D.  M.  Verbeiik,    XT^ber  PYroxen-Andesite  des 

Niederlandi&ch-Indiacben  Archipels,  243. .  Kratataui  244. — T,  Lie- 

biscli.    Uebtr  die  Totalreflexion  an  optia^li  eitiaxig^en  Krjatallen,  245, 

Stuttgart.  Nenes  Jabrbuch  fiir  Mineralogie,  Geologie  und  Falaon- 
tologie,  1885.  Bcilage-Band  iii.  Heft  2.  1884, 
E,  W.Benecko,  Erlaulerung^n  zu  einer  gieolog|iBcben  Karte  des  Grignft- 
Gebimefl,  171* — A,  Merian.  Studien  an  gest^in^bildenden  Pyroienen, 
252.— J.  M.  Clarke.  Die  Fauna  dea  Iberger  Kallces,  316.— H.  Traube. 
Ueber  die  Nephrit  von  Jordajiemiibl  in  Scblesien,  412. 

— ^.     .    ^--.    Hefts.     1885. 

W.  Deecke,  Beitrage  inr  Kenntnise  der  Haibler  Scbicbten  der  Lom- 
bardiachen  AJp^n,  420. — C.  Klt^in.  Mineral ogincbe  Mittbeilungien  XI. ^ 
622. — ^E.  Haug,  Beitrage  zu  einer  Monogrftphie  der  AmmonitengatUmg' 
M(trpocera$f  685, 

Swansea,      Soutb-Walea    Institute   of    Eiigineers,      Proceodings. 
YoU  xiii.     No.  7.     1884. 

^,    ^ .    .    Vol.  xiv.    Nofl.  1-3.     1884. 

W.  M,  Vivian.  Notes  on  a  Deposit  of  Iron  Om  at  Marbelk,  Province 
of  Malaga,  Spain,  48.— J.  Clarke  tlawksbaw.  Tbe  SeTcm  Tunnel  RidU 
way,  121.— S.  Vivian.  Tbo  Hematite  Dep^osita  of  the  Sontbem  Outciwp 
of  tbe  Carboniferoua  Limestone  of  South  Walea,  164. 

Sydney.  Linnean  Society  of  New  South  Walesa.  Proceeduiga, 
Vol.  ix.  Parts  1^  ('l884),  1884-85. 
J.  Milne-Curran.  On  some  Foeail  Plants  from  Bubbo,  N.S.W.,  2W,-- 
R.  V,  Lendenfeld,  The  Eruption  in  the  Straits  Settlements  and  the  KTen* 
ing  Glow,  438,— R.  Ton  Lendenfeld.  The  Timtf  of  the  Gkeial  Period  in 
New  Zealand,  806.— N.  de  MiklouUo*Maclay.  On  ^'olcanic  Aetivitj  on 
the  Islands  near  the  North-east  Coast  of  TS^ew  Guinea,  and  Evidence  of 
Bifling  of  the  Malay  Coast  in  New  Guinea,  lKi3.— J.  Bnizier.  List  of 
recent  SheUs  found  in  Clay  on  the  Maclay  Coast,  New  Guinea,  988. — J. 
E.  Teniiion- Woods.  The  Geology  and  Physical  Geography  of  the  State  of 
Perak,1175. 

^.    Royal  Society  of  New  South  Wales*    Journal  and  Procoedtngs 

for  1883.    Vol.  xvil     1884. 
J.  E,  Tenison-Wood«.  On  the  Waianamatta  Shales,  75. — R.  EtheridffBj 
jun,     Fiu^ther  Remarks  on  Australian  Sfrophafusift^  and  Description  of  « 
new  Species  of  Aticella  from  tbe  Cretaceous  Rocks  of  North-east  Au«* 
tralia,  87, 

Tokio.    Seism ologiciil  Sociotj-  of  Japan.     Transactions.      Vol,  vii. 

Part.  1  (1883-84).     1884. 
John  Milne.      Earth  Tremors,  l.^F,  du  Bois.     The  Earthquakes  of 
lachia,  10.— Catalogue  of  Earthquakes  felt  in  Tokio  between  July  I8ts3 
and  May  1884,  4:1 
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Tokio.    Seismological  Sodety  of  Japan.     Transactions.     YoL  viL 
Part  2.     1884. 
J.  Milne.    On  387  Earthquakes  observed  during  two  years  in  North 
Japw,!. 

.    Tokio  Daigakn  [University].     Appendix  to  Memoir  No.  5. 

2544  (1884).    (4to.) 

Toulouse.  Soci^te  d'Histoire  Naturelle.  Bulletin.  17'  Annde. 
1883. 
£.  Tmtat.  Excursion  au  Pic  du  Gar.  pr^  Saint-B^t  (Haute  Garonne), 
18.— De  Rey-Pailhade.  Excursion  au  tmssin  houiller  de  Carmaux,  120. — 
Begntult.  La  Grotte  de  Gargas,  237. — Boule.  Compte-rendu  d'une  d4- 
converte  faite  par  M.  Cartailhac  d'un  carri^re  pr^historique  de  Silex,  258. 

.    .     .     18«Ann^.     1884. 

J.  Nery  Delgado.  Note  sur  les  ^hantillons  de  Bilobites  envoy^  k 
FExpoflition  glographique  de  Toulouse,  126. 

Turin.    Osservatorio  della  Begia  University      Bollettino.      Anno 
xviii.  (1883).     1884. 

.    Beale  Aocademia  delle  Sdenze.    Atti.    Vol.  xix.  Disp.  4-7. 

1884. 
A  Cosaa.  Communicazione  intomo  ad  un'  Idocrasia  della  Valle  di 
8o«,  638.-<}.  Piolti.  D  porfido  del  Vallone  di  Robureut,  671.— F. 
Sacco.  L'  alta  Valle  Padana  durante  V  epoca  delle  terrazze  in  relazione 
col  contemporaneo  soUevamento  della  circostante  catena  Alpino-Apen- 
mmca,  795. — E.  Mattirob  ed  E.  Monaco.  Sulla  composizione  di  un  oial- 
kgio  pToveniento  dal  distritto  di  Syssert  (Monti  Urau),  826. 

.    .    -.    Vol.  XX.    Disp.  1-5  (1884-85).     1885. 

F.  Saoco.  Sull*  origine  delle  vallate  e  dei  alpini  in  rapporto  coi  solleva- 
neoti  delle  Alpi  e  coi  terreni  pliocenici  e  quatemari  delta  Valle  Padana, 
689.— F.  Sacco.  Sopra  alcuni  fenomeni  stratigratici  osservati  nei  ter- 
reni pliocenici  dell'  alta  Valle  Padana,  664. 

.    .    Memorie.    Serie  2.    Tomo  xxxvi.     1885. 

University  College.    Calendar,  1884-85.     1884. 

Tictoria  Institnte.    Journal  of  the  Transactions.    Vol.  xviii.    No. 

70.    1884. 

.    .    .    Nos.  71-73.    1884-85. 

J.  M.  Mello.  The  Prehistoric  History  of  Flint  Implements  at  Spiennes, 
253.— a  R.  Pattison,    The  Evolution  of  the  Pearly  Nautilus,  270. 

Vienna,  ^trage  zur  Palaontologie  Oesterreich-Ungams  nnd 
des  Orients.  Band  iv.  Hefte  1  &  2.  1884.  Purcfiased. 
J.  VelenovskV.  Die  Flora  der  bohmischen  £jreideformation,  1. — K. 
A  Peoecke.  Beitr%e  zur  Kenntniss  der  Fauna  der  slavonischen  Palu- 
^uwDochichten,  16.— 5*.  Teller.  Neue  Anthracotherienreste  aus  Siidsteier- 
maA  and  Balmatien,  45. 

.    .     Band  v.    Heft  1.     1885.     Purchased. 

J.  VelenovsW.    Die  Flora  der  bohmischen  Kreideformation,  1. 

i>2 
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Yieana.  EaiBerliche  Akademie  der  Wissenschaflen,  Anzeiger,  1884. 
Nos.  ^)-2S,  1884. 
F.  Toula.  Uebersicht  iiber  die  ReiaeroutaD  uod  die  wichtigsten  Re- 
Bultate  dor  R^ise  [CentraJe  Balkan],  197.— F.  Toula.  Ueber  Amphic^ony 
Ilxf^mmchm^  imd  Khinoceroa  {Aceratherium)  von  Qoriach  bei  Ternau  m 
SteieTnxarkj  244. 

.    ~.    ,  1885.    Kos.  1^12.     1885. 

^M.  Neumftrr,  Ueber  die  geographi^he  Verbreitua^  der  Jumforoifttirin, 
4o» — F,  Y.  Hauer.  Die  Fauna  der  Juraablagemng  Ton  Holmstein  in 
Sacksen,  fA.—Y.  t.  Hauer.  FAn  Beitrag  zur  Kentihiisa  der  FL^be  der 
bohiniscliL-n  Turons,  S-^.—E.  Bum.  Ueber  die  Remitnias  der  Stnictur 
des  Libaoon  und  des  ilnti-Libanon,  104, 

Benkschiiften .     Mathem  atisch-Xatur  wissonschaft- 


liche  Classe.    Band  xMi,     188:^. 
^  C.  TOB  Ettiogabausen.    Beitrape  zur  Kenntnif?^  der  TertxarfloTB  Austm- 
lienSf  101. — M.  Neumajr.      Ueber  klimatische  Zouen  wabrend  der  Jura- 
imd  Kreidezeit,  277. 

'-    — ^.     SitKungsberichte.    Band  Ixae^riii,    Abth.  1,    Hcfte 

l-fy  (1883),     1833^84. 
_ .  Waliner. 
G.  Tscliermak 

EttiDgshausen.     ^.„ ^^^^  .,-.—*«..  ^^tiLiu^*.!*.     t, 

Morpbologie  dew  Bi vdvem^cb losses,  385.— H.  Fou Hon.  Ueber  die  Mi oe- 
raloiriache  und  cheniliicbe  Zuaammeu^tzuiig  de^  aiii  10  Februar  1883  b^ 
Aliianello  gefaileiien  Meteorateioes,  4?iS.— A.  Bittuer.  Microjms  vera- 
n^Mf>,  eiu  n^uer  Ecbiuide  des  oberitaUeniscbeD  Eociiiis,  444.— L. 
Teis,^eyr*^  Ein  Btntrag  zur  Kcuntniss  der  CepbalDpudeiifauna der  Oma^ 
tent  I]  one  iiii  GouverQement  Iljasan,  5:18.— 1>.  8tur.  Zur  Moq>hologie  imd 
Syst^niatik  dor  Culm-  und  CarboDfarae,  t>33,— C*.  t.  Ettin|u^bausen.  Zur 
TertijirJlom  Japans,  8*51.— J.  N.  Woldfieb.  Diluviale  Fauna  von  Zuzla- 
witifi  bei  V\  mterfer;^  irn  Bcibmerwalde,  l>78.— J.  B\mu%    Ueber  Uamerit 


F.  Waliner.    Dns  Erdbebeu  von  .\gram  am  9  November  1880^  15. J 

.  Tscliermak,     Beitraji:  zur  ClassiJieation  der  Meteoriten,  347,— C,  v.        ■ 
ttlngshausen.     Zur  Tertiarflora  von  Borneo,  372. ~M.  Neumavr.     Zur        ^ 


,,  ^^.^^>.„,.^j    j^Mii^.i^   t*t.ci   «#mnfKii    nuij.   liJ  ui;ii  nuclei  ^AWU  UK  U   IJt^IJiyieU,    liiilf^ 

V.  Hilber.     Eecente  und  im  Ltisa  gefmidune  Landarhoecken  aus  China, 
— -■ .    Bandlxxxix.     Heftc  1^5  (1884).     1884. 


'*  KaiBerlich-Konigliche  Bergakiidemien  zu  Loobeii  \md  Pri- 
bram und  dieKonigHch-UngariscbeBergfikademie  zu*Sehemiiitx. 
Berg*  und  Hiittenmiinniscbes  Jakrbncli,  Band  xxxii.  Hefte 
2-4.     1884. 

Band  xxxiii.     Hefte  1  &  2,     1885. 


C.  Blomeke.     Ueber  die  Er^lftgert^tatten  des  llarxes  und  die  GeacKichtA 
des  auf  detnaelben  geltibrten  B*^rgbaueH,  1, 

Kaiserlich-Konigliche  Geologische  Rcicheanetolt.      Abbaod- 


lungen.     Band  xi,     Abth.  1.     1885. 
B.  Steir,     Die  Carbtsn-Flora  der  Seliatzlarcr  Sebichten  :  Abth»  1,  Die 
Fame  der  Carbon-Plom  der  Scbatzlarer  Schichteii,  1, 
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Vienna.  Kaiserlich-Konigliche  Geologische  Reichsanstalt.  Jahr- 
buch.  Band  xxxiv.  Hefte  3  &  4.  1884.* 
F.  Toola.  Ueber  einige  Saugethierreste  von  Goriach  bei  Turnau,  in 
Steiermarky  385. — F.  fiaasani.  Ueber  zwei  Iische  aus  der  Kreide  des 
Monte  S.  Agata  im  Gorzischen,  403. — C.  v.  Camerlander.  Geolo- 
^Bche  Mittheilungen  aus  Central-Mahren,  407.— A.  Bittner.  Die  Ter- 
tiar-Ablagerungen  von  Trifail  und  Sagor,  483. — F.  v.  Hauer.  Zur  Erinne- 
nnij^  an  Ferdmand  v.  Hochstetter,  601.— M.  Vacek.  Beitrap  zur  Geo- 
logie  der  Kadstadter  Tauem,  609. — H.  Foullon.  Ueber  die  petrogra- 
phiflcfae  Beschaffenheit  krystallinischer  Schiefergesteine  aus  Kadstadter 
Tanem  und  deren  westlichen  Fortsetzung,  636. — C.  Diener.  Ein  Beitrag 
lur  Geologie  des  Oentralstockes  der  juli»chen  Alpen,  659. — R.  Scharizer. 
Ueber  MineraHen  und  Gesteine  von  Jan  Mayen,  707. — G.  Di  Stefano. 
Ueber  die  Bracbiopoden  des  Unteroolitbes  von  Monte  San  Giuliano  bei 
Trapan],  Sicilien,  729.^J.  Wagner.  Ueber  die  Warmeverhaltnisse  in 
der  Ostbalfte  dee  Arlbeigtunneb,  743.—  FV.  v.  Hauer.  Erze  und  Mine- 
nlien  aus  Bosnien,  751. 

— ^.    .     Verbandlungen,  1884.     Noe.  10-17.     1884. 

V.  Uhlig.  Ueber  Jura-Fossilien  aus  Serbien,  178.—  A.  Rzebak.  Con- 
chjlien  aus  dem  Kalktuff  von  Radziecbow  in  Westgalizien,  185. — D. 
Star.  Todes-Anzeige :  Ueinricb  Robert  Goppert,  189. — N.  Andrussow. 
Ueber  das  Auftreten  der  marin-mediterranen  ochichten  in  der  Krim,  190. 
— G.  C.  Laube.  Glacialspuren  im  bobmischen  Erzgebirge,  194. — E. 
Dnsche.  Cbemiscbe  Analysen  einiger  persiscber  Eruptivgesteine,  196. 
—V.  Uhlig.  Diluvialbildungen  bei  Bukowna  am  Dniester,  198. — V. 
Uhlig.  Zur  Ammoniten&ima  der  Baliner  Oolithe,  201. — A.  Bittner. 
Neoe  Einsendungen  tertiarer  Gesteinssuiten  aus  Bosnien,  202. — H.  Lech- 
leitner.  Notizen  iiber  den  Gebirgsstock  des  Sonnenwendjocbes  im  Unter- 
Innthale,  Tirol,  204. — A.  Rzebak.  Conchylien  aus  dem  Kalktuff  von 
Bossrein  bei  Lettowitz  in  Mahren,  208. — T.  Posewitz.  Geologischer  Aus- 
floff  in  das  Tanahlaut,  Sud-Bomeo,  237. — ^E.  Hussak.  Mineralogische 
ond  petrograpbische  Notizen  aus  Steiermark,  244 — F.  Herbich.  Schiefer- 
kohlen  bei  Frek  in  Siebenbiirgen,  248. — R.  Zuber.  Neue  Inoceramen- 
fonde  in  den  ostffalizischen  Earpathen,  251. — F.  Bieniasz  und  R.  Zuber. 
Notix  iiber  die  Natur  und  das  relative  Alter  des  Eruptivgesteines  von 
Zilas  im  Krakauer  Gebiete,  252.— E.  Reyer.  Reiseskizzen  aus  Calif or- 
men,  256. — ^Fr.  v.  Hauer.  Cephalopoden  des  unteren  Trias  vom  Han 
Bulog  an  der  Miliaka,  O.S.O.  von  Sarajewo,  217.— F.  Toula.  Ueber  die 
Terti^rabla^nmgen  bei  St  Veit  an  der  Triesting  und  das  Auftreten  von 
Ceritkium  l*ffntiarum,  Eichw.,  219. — H.  Keller.  Funde  im  Wiener-  und 
Ktrparthen-Sandstein,  233.— A.  Bittner.  Geologische  Yerhaltnisse  der 
Umgebung  von  Gross-Reifling  a.  d.  Enns,  260. — V.  Uhlig.  Ueber  den 
paminischen  Klippenzug  und  seine  Randzonen,  263. — H.  Foullon.  Ueber 
gedieeen  Tellur  von  Faczebaja.  269. — M.  Lomnicki.  Vorlaufige  Notiz 
iiber  die  altesten  tertiaren  Siisswasser-  und  Meeresablagerun^n  in  Ost- 
galizien,  275. — J.  Blass.  Ueber  eine  neue  Belegstelle  fur  eine  wieder- 
bolte  Vergletscherung  der  Alpen,  278. — ^H.  Pohlig.  Geologische  Unter- 
sachun^  in  Persien,  281. — E.  Tietza  Ueber  ein  Kohlenvorkommen 
bw  Cajutx  in  der  Moldau,  284.— E.  Tietze.  Das  Eruptivgestein  von 
Ztlas  im  Krakauer  Gebiete,  289. — V.  Uhlig.  Reisebericht  aus  Westga- 
hzien.  Ueber  ein  neues  Miocanvorkommen  bei*Sandec  inmitten  der 
wcstgaHzischen  Sandsteinzone,  292.— 0.  v.  Camerlander.  Aufnahmen  in 
Schleaien,  294. — ^V.  Bieber.  Ein  Dinotherium-Skelet  aus  dem  Eger- 
Fnnzenfebader  Tertiarbecken,  299.— R.  Homes.     Ein  Vorkommen  des 

Peden  denudaiuSf  Reuss,  und  anderer ''Schlier'^-Petrefacte  im  inneral- 
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pioen  TheO  dea  Wiener  Beckena,  305. — >L  Staub.  IHe  Seliielira^oHlec 
b«i  Fivk  iu  Siebenbiitgen,  306, — II.  Commenda.  Rie»enti>pfe  bei  Stey- 
TL^gg  Id  Oberijstferreich,  308, — A.  Bittner.  Valendennesienscbichten  ati? 
Rutnaoitin,  31 L — 1%  Teller.  Kutizen  iiber  daa  Ti^rtifir  too  8t*5iii  in 
Kraio,  313. — V.  Ulili|3^,  III.  Reisebericbt  bmb  VVestgalizien,  iiber  die 
UmgebiiDg  von  Rzegacina  bei  Iiix*bnia,  318. — 0.  v.  Camerlauder.  II. 
Keisuberielit  ana  Oeeterr.*Schlee.ien,  321. — R  v.  Hauer.  Erze  und  Mine- 
rolieo  aus  Boamen^  Ml. — C  Diener.  Mittbeilniig  iiber  deo  jreologi.*dien 
Bau  doe  Cuatralstwckes  der  jitliacban  Alpen,  33] .' — H.  Fatillon.  LVb*ir 
die  Wiiraie  verb  ill  tuissB  der  Oetet?ite  dm  Arlljergtunnds  imch  den  Beob- 
acbtunpeii  de&  Herm  k.  k.  Oberingenitsurs  und  8ectioiudeiU?rs  C,  Wagner, 
333* — H.  Foullon,  Ufber  ein  neuea  Vorkommou  von  kiystallisirtem 
Ma^e&it  mit  ftiiidenfiimjig^r  Ausibildung,  334.— V,  Uhli^.  Ueber  ejn 
Vurionimen  von  Silurblckken  im  nordifichen  Diluvium  Weatgnliziens, 
835. — V.  Uhlig-.  Beiitebericbt  am?  West^jfaiizicn,  Ueber  die  Gegfud 
von  l^chcia  und  Czchow,  33(1— G.  C.  Laubo.  Ueber  das  Auftreten  von 
Protogingeatt^inen  im  nordlicbon  Babnien,  343, — F,  LiiwK  Eim^  Ilebiing 
durcb  intrusive  Granitkerne,  340. — V.  Uhlig.  Keue  Einatiiidungon  aua 
den  Kalkalpeu  zwiHcben  M (idling  uud  Kiilteuk^utgeben,  34i}. — V.  II iiber. 
GetdngiRche  Aufnabnie  der  Niederuiig  Kwischen  Troppau  in  SeUlesien 
und  Skawina  in  Galizien,  349. — Fr.  v,  Hauer.  Qeologi&cbe  und  monta- 
nietisfiii^  Kartt^n  aus  Bosuitin  :  IMi^ophijmm  nuncim,  356. — M,  V^acek. 
Ueb€?r  oinen  Unterkicfer  von  AcemtJieriumjcL  minutuniy  Kanp,  aus  Con- 
gerienscbichtan  btsi  Bninn*  360. — A.  Bittner.  Aus  den  S&lzbarger  Kalk^ 
gebirgen  :  die  Ostaualauter  des  Tannengebii-ges,  358. 

Vienna.  Kaiserlich-Kiinigliche  Geologische  Reiclisanstalt,  Ver- 
bandlungon,  18B5.  Nos.  3-6.  1885. 
A.  Bittner.  Zur  Stellnug  der  Raibler  Schichten^  69. — ^F.  Fuchs.  Tertiiir- 
ftiBsilien  aue  dem  Beckea  von  Babna  (Ruinann^n)^  70. — G,  C.  Laube. 
Notiz  iiber  dm  Vorkoiumen  von  Ohnnudeu  uud  Rudist«n  ioi  biihinischen 
Turon,  75. — F.  SaiidbHrger.  Weitere  Mittheilung  iiber  ti^rtiare  Siis«-  und 
Brftckvriisi?erbilduoffen  aus  Galkien,  7/J.— A.  Hcbier.  Notizen  zur  Genlo-ne 
von  Tirolj  77,- — R.  llandniann.  Uebereine  chariiktieristiscbe  Siiuleubil duug 
eines  Baialtatockes  und  dt^ssen  Umwandluujj^sforni  in  Wacke,  78. — ^G. 
Teylds.  Neue  Hi:iblen  in  dem  sif^bKiibiirgiwhen  Erzgi*birge,  711, — A, 
Heim.  Zur  Fm«re  der^Glarner  Doppeltiilto,"  K). — E.  Drasche.  Che- 
mische  Untersucbunpf  eitiea  Mim-rala,  81.— ^^  Dieuer.  Ueber  daa 
Vtjrkommen  von  Hii^rlatz-Schicbten  in  der  Rofangnipiie,  H2. — V.  Uhlig-. 
UebereineMikrofuunaauw  den  west^galizipchen  Karp«lhen»  H2. — J.  Notn. 
Petridt'umvorkoTumen  in  Ungarn,  83, — T.  Fucha.  Uelier  dii*  Fauna  voa 
Hidalmai*  bti  Klansenburg,  lOL — T.  Fuehs,  Miocttn-FoK^ilien  aus 
Lykien»  107, — -A.  v,  Klip^tein.  Uebcr  die  Gosaukreidt*  der  Ladoialpi  snf 
dem  So nnen wi'ndj  oc b  be  i  Bri  ,v!egg  ira  U 1 1  terin d  t  bal ,  11 3.—  P.  1 1  art u ig)?. 
Kotixen  nus  dem  Fti3trit7.th.'ile  in  der  Unigebung  von  An^?r,  117,—^, 
Roth.  8i)uren  vonuidignr  filet^^cJier  auf  der  8iidseite  der  Ilohen  Tatra, 
1 1 8, — C .  Si  are! I  t*?4e  tti .  1 1  n  hlent  b  i  e  re  a u  8  d  e  r  Uni  gebu  11  g  von  Trie^t » 1 23.  — 
B.  Stur.  Vorlftge  der  Fariie  dt^r  Garb  on -Flora  der  8clitttzIarf?rSchieht*jii, 
124. — .v.  Bittiitr.  Neue  Ein  send  uugen  von  Petr^^facteu  aua  Boeni*?n,  140. 
^-\X  Stur.  Vorlage  eines  voti  l>ir,  E.  Diill  im  piikdith  von  Sung,  im 
PaJtenthale  Steiermarksy  gulundenen Thierrestes,  141.^A,  BitLuer.  Au» 
deo  EnnatliaJ<-r  KalkHlp*^n:  Neue  F*und.Htelle  von  Ilalkliitt+^r  Kalk,  148. — 
H.  V.  Fonllon.  Uebtl*  einen  m-UKii  Anbruch  vnn  kTvat»llii»irtem  Schtre- 
fei  btti  TriLflktnviec  in  Galizien,  140» — II,  v.  Foullon,  Ueber  roi»enrtttlieti 
Caleit  von  Deulsc  b-Altonburg,  J48.^H.  v.  Foullon.  Calcit  auf  Ki:»hle 
aus  dem  Munzeuberger  liergbau  bui  LiMiben^  140. — C.  v.  Camerlander* 
Aufidem  Diluvium  des  nordwestliehen  Schleeiens,  151.— 8,  Brumnn.     Bo- 
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iiber  rumanisclie  Paludinen-Schichten  mit  fiezu^  aaf  Pro- 
fessor (J.  Gobalescu's  Werk :  Studii  geolo^ce  si  pakeontologice  a  supra 
UDor  T^rimuri  Tertiare  din  unite  PSrtI  ale  Komaniei,"  167. — L.  v.  Tausch. 
Ueber  die  Beziekun^en  der  neuen  Gattung  Duraoy  Q.  Bohm,  zu  den 
Megakdontsden,  sneciell  zu  Pachymegalodon,  Giimbel,  163. — A.  Rzehak. 
DiiSomaceen  im  Mediterrantegel  der  Umgebung  von  Briinn,  166. — D. 
Star.  Geechenke  fiir  das  Museum  der  geoloffischen  Reichsanstalt,  166. — 
K.  M.  PauL  Bas  Salina]r^(«biet  TonSiidrus^d,  167.— K.  F.  Frauscher. 
Ergebiufise  einiger  Excursionen  in  Salzburffer  Vorlande,  mit  besonderer 
Beriicksichtigung  der  Eocan-  und  EreideabUgerungen  in  der  Umgebung 
von  Bfattaee,  173. — A.  Bittner.  Dilurialer  Hiisswasserkalk  von  Baden, 
einraandt  vom  Herm  I^ehrer  £.  Ebenfnhrer  in  Gumpoldskircben^  183. — 
E  Hossak.  Ueber  Eruptivgesteine  von  Steiersdorf  mi  Banat,  186. — A. 
Riehak.  Ueber  das  Yorkommen  der  Foraminiferengattungen  RamuUna 
nod  Cydammina  in  den  alteren  Tertiarschichten  Oesterreicbs,  186. — R. 
Haodmann.  Zur  Conchjlien-Ablagening  von  St.  Veit  a.  d.  Triesting, 
Idd.— H.  B.  Geinitz.  Zur  Geschichte  des  angeblichen  Meteoriten-Falles, 
im  Hinchfelde  bei  Zittau,  188. — A.  Pawlow.  Der  Jura  von  Simbirsk  an 
der  onteren  Wolga,  191. — F.  Teller.  Oligocanbildung  im  Feistritzthal 
bei  Stein  in  Krain,  193.— V.  Uhlig.  Ueber  den  Verlauf  des  Karpathen- 
Nordrandes  in  Galizien,  201. — M.  Schlosser.  Notizen  iiber  die  Sauge- 
thierfausa  von  Guriach  und  iiber  Miocanfaunen  im  AllgemeineUy  207. — 
Nic  Andrussow.  Ueber  das  Alter  der  unteren  dunklen  Schieferthone 
aaf  der  Halbinsel  Kertsch,  213.— A.  Pichler.    Zur  Geologie  Tirols,  216. 

Vienna.    Kaiserlich-Konigliche  Zoologisch-Botanische  Gesellschafb. 
Yerhandlungen,  1884.    Band  xxxiv.    1885. 

.    Mineralogisobe  und  Petrographische  Mittheilungen.    N.  F. 

Bandvi.     Heft  3.     1884.     Puri^hased. 
C.  W.  C.  Fucbs.    Die  vulkanischen  Ereignisse  des  Jahres  1883, 186. — 
K.  von  Ghrustschoff.    Ueber  eigenthiiivlicne  Fliissigkeitainterpositionen 
im  Cordierit  des  Cordieritgneisses  Ton  Bodenmais,  232. — F.  Becke.   Aetz- 
versuche  am  Bleiglanz,  237. 

.    .     .    .    Hefte4-6.     1885.     Purchased. 

F.  Lcewinson-Lessing.  Die  Variolite  von  Jalguba  im  Gouvemement 
CHonez,  281. — M.  Schuster.  Studien  iiber  die  FlachenbeschaflTenheit  imd 
Bauweise  der  Danburit-E^rystalle  vom  Scopi  in  Graubiindten,  301. 

.    .     .     Band  vii.     Hefte  1  &  2.     1885. 

£.  M.  Rohrbacb.  Ueber  die  Eruptivgesteine  im  Gebiete  der  scblesiscb- 
mihriscben  Kreideformation,  1. — iL,  von  Ghrustschoff.  Ueber  secundare 
Qliaeinschliissey  64. — ^H.  Hatch.  Ueber  den  Gabbro  aus  der  Wildschonau 
m  'Hrol  und  die  aus  ihm  hervorgehenden  schiefrigen  Gesteine,  76.— M. 
Scboster.  Ueber  ein  neues  Vorkommen  yon  krystallisirtem  Fichtelit,  88. 
— F.  Becke.  Ueber  Zwillingsverwachsungen  gesteinbildender  Pyroxene 
und  Amphibole,  93. — M.  Weibull.  Untersuchung  schwedischer  Minerale, 
IW. — ^A.  Becker.  Ueber  die  Schmelzbarkeit  des  kohlensauren  Ealkes, 
122. — C.  W.  C.  Fuchs.  Die  vulkanischen  Ereignisse  des  J^res  1884, 
146. 

Warwick.  Warwickflhire  Naturalists'  and  Archaeologists'  Field 
Qub.  Proceedings,  1883.  1884. 
P.  B.  Brodie.  An  Account  of  the  Discovery,  by  Prof.  Lapworth,  of 
Cambrian  and  pre-Cambrian  Rocks  in  North  Warwickshire  formerly  sup- 
posed to  be  of  Carboniferous  Age,  13. — P.  B.  Brodie.  Yolcanoesy  their 
Nature  and  Origin,  17. 
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"Wnshington.     Philoiophical  Society.      Bulletin.     VoL  vii.  (1884). 

J.  C.  Russell.  The  existing  Glaciers  of  the  High  Sierra  of  California, 
5._W.  0.  Kern  The  Mica  Mines  of  North  Carolina,  D.— J.  C.  UusseO, 
Deposits  of  Volcanic  Dust  in  the  Great  Basin^  18,— J,  li  Eastman.  A 
new  JMeteorite,  32. — ^J,  S.  I>illeT,  The  Volcanic  Sand  which  lell  at 
Unalaahka,  October  20,  IdSS,  and  Bomi?  ConiJiderations  conceming^  its 
Composition,  Jil.— G.  H.  Williamfl.  The  Metbod^  of  Modern  Petro- 
graphy, 36.^ — T,  Eobin&on,  The  Strata  expo&ed  in  the  Eaat  Shaft  of  the 
Waterworks  Extt^usion,  69, — T,  liobinson.  Was  the  Earthquake  of 
September  19th  f«lt  in  the  District  of  Columbia P  T^,-— C.  E.  Button. 
The  Volcanoes  and  Lnva-FieMs  of  New  Jlexico,  76. 

Smitlisoiiiaii  Institution.     Annujd  Eeport  for  1882.     1884* 


(Bvo.) 

,     .   Bureau  of  Ethnology.    2nd  Annual  Eeport,  1880-81. 

By  J.  W.  Powell.     1883.     (4to.) 

Watford.     Hertfordshire  Katural  History  Society  aud  Field  Club. 
TranBactions.      Vol.  iii.     Parts  1-4.     1884-85. 
n.  G.  Fordham.     Notes  on  Boulders  and  Bouldex-clay  in  North  Hert- 
fordskire,  33. — J.  V.  Elsden.     Go  the  Microscopic  Struct  are  of  Boulders 
found  in  the  North  of  Hertfordshire,  47. 

Wellingtoti,  New-Zealand  Institiite,  Transactioua  and  Proceedings. 
Vol.  xTi.  (1883),  1884. 
J.  A.  Pond.  On  the  Pottery  Clays  of  the  Auckland  District,  443.— R. 
M»  Laing.  A  few  Notes  on  'thermal  Sprinirs  at  Lvttelton,  447. — S.  H. 
Cox.  Gn  the  Occurrence  of  some  new  Minerals  in  New  Zealand,  448. — 
F,  W.  Hutton,  On  the  Lower  Gorge  of  the  Waimit-Kariri,  449.^ 
D.  Sutherland.  Recent  Discoveries  In  the  Neiij-hbourhood  of  Milfijrd 
Soimd,  41)4,— A*  ITimter,  Direct  Evidence  of  a  Change  in  the  Elevation 
of  the  Waikato  l>i  strict,  450. 

Wiesbaden.      Naasatiisclxer  Verein  fiir  Naturkunde.    Jahrbiicher. 
Jahrgang  87.     1884. 

Winona.      Minnesota    Academy  of    Natural   Science.       Bulletin, 
Vol,  ii.     No.  2.     1881. 
N.  H.  Winchell,    The  Ancient  Copper-Mines  of  Isle  Royale,  29. 

— .     . .     .     No,  4.     1S83, 


W.  llpham.     Lake  A^siz  :  a  Chapter  in  Glacial  Geology,  290. 

York,     Yorkshire  Philosophical  Society.     Annual  Report  for  1884. 
1885. 

Zoological  Society  of  London,     Proceedings,  1884.      Part«   2-4. 

1884-85. 

,     ,  1885.     Part  1,     1885. 

.     Report  of  the  Council  for  the  year  1884.     1885. 
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Names  of  Donors  in  Italics, 

Achepohl,  L.  Dus  Niederrheinisch-Westfalische  Steinkohlengebirge. 
lieferung  10.    Fol.    Essen,  X883.     Purchased. 

AfncBL,  Instructions  nautiques  snr  la  c6te  occidentalc  d'Afrique,  de 
Sierra  Leone  au  Cap  Lopez,  par  C.  P.  de  Kerhallet  et  Francois. 
8to.     Paris,  1883.     Presented  by  the  Depot  de  la  Marine, 

Agassiz'  and  seiner  Freunde  geologiBcbe^Alpenreisen  in  der  8ch\^'eiz, 
SaToyen  und  Piemont.  Ein  Alpenreisebuch,  nnter  Agassiz', 
Stader's  und  Carl  Vogt's  Mitwirkung  vertaszt  von  E.  Desor. 
Herauflgegeben  von  Carl  Vogt.  2*  Auflage.  8vo.  Frankfurt 
am  Main,  1847.     Presented  by  A.  W.  Waters^  Esq.,  F.Q.S. 

Alhrecht,  P.  Ueber  die  morpbologische  Bedeutung  der  Eiefer-, 
Lippen-  und  Gesichtsspalten.     8vo.     Berlin,  1884  ? 

.    Sur  les  dements  morphologiques  du  manubrium  du  sternum 

ohez  les  mammif^res.     8to.    Brussels,  1884. 
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Neighbourhood,  by  W.  Whitaker.     4th  edition.     8vo,     London, 
1884. 

English  Channel  Annnaire  des  Couranta  de  Har^e  do  la  Manche 
ponrl'an  1883,  8vo.  Parifl,  1883,  Fre^nUd  hy  the  Depot  (k 
la  Marifu. 

Ertans^  John.     Addreaa  delivered  at  the  Anniversary  Meeting  of  tho 
Royal  Society  on  Monday,  Dec.  1,  1884.     8vo.   "^London,  18S4, 
*     Phyeiography.     8yo.     London,  1884. 

Favr€,  E.  RevTie  geologique  euisse  pour  Tanace  1884.  xv.  8vo» 
Geneva,  1885. 

Felir,  J,  Korallen  aus  agrptischen  Tertiarbildungen.  8vo.  Berlin, 
1884. 

Flower,  W.  H.  On  the  Development  and  Sucoession  of  the  Teeth 
in  the  Marsupialia,  4to.  London,  1867.  Preimted  bu  Prof, 
PM.  Duncan,  F.E.S. 

Fordham^  H.  0.  Notes  on  Boulders  and  Boulder-Clay  in  North 
Hertfordshire.     8vo.     Hertford,  1884. 

France.  Depot  dt  la  Marine.  Annnaire  des  Kareea  dea  Cotes  de 
France  pour  Ian  1884,     12mo,     Paris,  1883. 

— — .     ^ .    1885,     12mo.     Paris,  1884, 

— — .     *     Catalogue  par  ordre  g^ographicine  des  Cartes,  Plans, 

etc.     8vo.     Parb,  1883. 

Frenth^  H,  H.     A  Paper  on  Bourn ea.     8vo.     Sutton,  1884, 

FriUch^  A.  Fauna  der  Gaskohle  nnd  der  Kalksteine  der  Permfor- 
mation  Boh  mens.     Band  ii.     Heft  1.     1885. 

Gardner  J  J.  S.  A  Monograph  of  the  British  Eocene  Flora,  Vol.  ii. 
Part  2.     4to.     Loudon,  1884. 

,     On  the  Relative  Ages  of  the  Americjin  and  the  English 

Cretaceous  and  Eocene  Beries.     8vo,     IjOu don,  1884, 

— — .  The  Age  of  the  Basalts  of  the  North-east  Atlantic,  ^vo. 
Belfast,  1884, 

Oamhy,  A.  Sur  un  Sirenien  d'eepece  nouvelle  trouvd  dans  le 
bussin  de  Paris,     8vo,     Paris.  1881. 

— — .  Nouvelle  note  but  lea  Reptiles  Permiens,  8vo.  Paris. 
1885. 
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Ganiiz,  H.  B,  XJeber  die  Grenzen  der  Zechsteinformation  und  der 
Dyas  iiberhaupt.     4to.     Dresden,  1885. 

Oenih,  F.  A.^  and  G,  Vom  Bath.  On  the  Vanadates  and  lodyrite 
from  Lake  Valley,  Sierra  Co.,  New  Mexico.     8vo.     Philadelphia. 

GUpin,  E,    Notes  on  the  De  Bert  Coal-Field,  Colchester  Co.,  N.8. 

GwdchUd,  J.  O,  Contributions  towards  a  list  of  the  Minerals 
occoning  in  Cumberland  and  Westmoreland.  8to.  Carlisle, 
1885. 

Oottdety  J.  Note  sur  deux  roches  cristallines  du  terrain  d^vonien 
du  Luxembourg.     8vo.     Lille,  1884. 

.    Note  sur  les  schistes  de  St.  Hubert  dans  le  Luxembourg  et 

principalement   dans  le  bassin  de   Neufchateau.     8yo.      Lille, 

1884. 

.    Note  8ur  quelques  affleurements  des  poudingues  devonien  et 

Hassique  et  sur  I'existence  de  depots  siluriens  dans  I'Ardenne. 
8vo.    Lille,  1884. 

.    Bemarques  sur  la  faune  de  Tassise  de  Vireux  k  Grupont. 

8to.    LiUe,  1884. 

.    Sur  la  faille  de  Bemagne  et  sur  le  m^tamorphisme  qu'elle  a 

produit     8vo.     Lille,  1884. 

.    Note  sur  les  schistes  de  Bastogne.     8vo.     Lille,  1885. 

.    Sur  la  structure  g^logique  de  T  Ardenne  d'apres  von  Lasaulx.^ 

8vo.    Lille,  1885. 

Great  Britain.  Oeological  Survey.  Memoirs.  Vol.  iii.  (North 
Wales.)    2nd  edition.     8vo.     London,  1881. 

Grtm,  W.  L.  The  Volcanic  Problem  from  the  point  of  view  of 
Hawaiian  Volcanoes.     8vo.     Honolulu,  1884. 

Greenland.  Meddelelser  om  Gronland.  Hefte  4-6.  8vo.  Copen- 
hagen, 1883.  And  TiUaeg  til  Heft  5.  4to.  Copenhagen,  1883. 
Presented  by  Prof.  F,  Johnstrwp. 

Grimes,  J,  S.  Geonomy :  Creation  of  the  Continents  by  Ocean 
Currents.     8vo.     Philadelphia,  1885. 

Orothf  E.  B.  O.  An  Essay  on  the  Origin  and  Development  of  the 
Solar  System.     8vo.    London,  1884. 

Groth,  P.  Physikalische  Krystallographie  und  Einleitung  in  die 
krystallographische  Kenntniss  der  wichtigeren  Substanzen. 
Zweite  Auflage.     8vo.     Leipzig,  1885.     Purchased. 

Giimbel,  K.  W.  von.  Geologic  von  Bayem.  1**  Theil.  Grundziige 
derGeologie.    Lief.l&2.    8vo.    Cassel,  1884  &  1885.    Purchased 

.     XJeber   die  Beschaffenheit   der  Mollusken-Schalen.      8vo. 

Stuttgart,  1884. 
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Ounn^  J".  On  Coal-fields  in  the  Eastern  Counties.  8vo,  Norwich^ 
1885. 

Haastf  J,  van.  In  Memoriam  :  Ferdinand  B.  von  Hochstetter,  8vo. 
Christchurcli,  N,Z.,  1884. 

HaU^  Jamt^,  Descriptions  of  the  Species  of  FosaO  Reticulate 
Sponges  constituting  the  Familv  BictyospongidBe.  8vo.  Albany, 
1884. 

Barker^  A.  Graphical  Methods  in  Field-Geology.  8vo.  London, 
1884. 

.     On  the  Successive  Stages  of  Slatv  Cleavage.    8vo*     London, 

18B5. 
,     The  Cauae  of  Slaty  Cleavage:   Compression  v.  Shearing. 

8vo.     London,  1885. 
,     The  Oolitee  of  the  Cave  District.     8vo,     1885. 


Earfimn,  J.  T,  On  tlie  Sources  of  Water  Supply  for  the  MetTopolis, 
4to*     London,  1884.     Parliamentary^  Return. 

Hatle,  E,  Die  MineraJe  des  Herzogthnms  Steiermark.  Hefte  1  &  2, 
8vop     Graz,  1884.     Purchased. 

Hihert,  E.  Kotes  sur  la  geologic  du  departement  de  TAriege.  8vo. 
Paris,  1884, 

Mdlpriti^  A,  Contnbutione  to  the  Tertiary  Geology^  and  Paleon- 
tology of  the  United  St^t-es.     4to.     Philadelphia,  1884, 

Heim,  A.  Handhuch  dor  Gletscberkunde,  8vo.  Stuttgart,  1885. 
Purchased, 

Heeae.  Grossherzoglkh'IIe^suche  Qeologische  LandeganstaU  zu  Darm- 
stadt.    Abhandluiigeti.     Baiidi,    Heft  1.    4to,   Darmstadt,  1884. 

Hinde,  0,  /.  Description  of  a  now  Species  of  Crinoids  with  Articu- 
lating Spines,     8vo,     London,  1885. 

Homea,  II.,  and  M,  Auinger.  Die  Gast^ropodcn  der  Meere&-Abla- 
geruogeii  der  ersten  und  aweiten  miociinera  Mediterran-Stufe  m 
der  dflterreichiech-ungarisohen  Monarchies    Lief.  4,    4to,  Vienna, 

1884.  Parchastd. 

Hophhuton^  J,     Remarks  on  the  Land  Mollusca,  with  reference  ta 

their  Investigation  in  Hertfordshiro.     8vo.     Hertford,  1884, 

Hull,  E,     Mount  Seir,  Sinai,  and  Western  Palestine.    8vo.    London, 

1885.  Presented  %  the  Cmimitt^e  of  th^  Pah^tine  Krphratian 
Fufid* 

ffnnt,  T,  Stern/.  The  Taeonic  Question  in  Geology,  Part  2*  4to* 
Montreal,  1884. 

-.     The  Origin  of  Crystalline  Rocks.     4to.  Montreal,  1884. 

Hussak,  E»  Anleituug  zura  Bestimmen  der  gesteinhildenden  Miji©- 
idlen,    8vo.     Leipxig,  1885.    Purthassd. 
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HutUmy  F,  W.    On  the  Geology  of  the  North  Read  of  Manukau 
Harbour.     8vo.    Wellington,  1870. 

.    On  the  Alluyial  Deposits  of  the  Lower  Waikato,  and  the 

Formation  of  Islands  by  the  Biver.     Svo.     Wellington,  1872. 

.     Description   of  three  new  Tertiary  Shells  in  the  Otago 

Museum.     8vo.    Wellington,  1875. 

.    On  ihe  Cause  of  the  former  great  Extension  of  the  Glaciers 

in  New  Zealand.     8vo.     Wellington,  N.Z.,  1875. 

.    On  the  Eelation  between  the  Pareora  and  Ahuriri  Forma- 
tions.   Svo.     Wellington,  1877. 

.    Descriptions  of  some  new  Tertiary  Shells  from  Wanganui. 

8td.    Wellington,  1883. 

,    Revision  of  the  recent  Lamellibranchiata  of  New  Zealand. 

Svo.    Sydney,  1884. 
.    The  Origin  of  the  Fauna  and  Flora  of  New  Zealand.     8vo. 

Dunedin,  1884. 

India.     Geological  Survey,     Memoirs.     Vol.  xxi.     Parts  1  &  2. 
Svo.    Calcutta,  1884. 

.    .     .     Vol.  xxi.     Part  4.     1885. 

.    .    .     Palaeontologia  Indica.     Series  4.     Indian 

Pie-Tertiary  Vertebrata.     Vol.  i.     Part  1.     By  R.  Lydekker. 
4to.    Calcutta,  1885. 

.    .    .     .     Series  10.     Indian   Tertiary   and 

Post-Tertiary    Vertebrata.      Vol.     iii.      Parts     2-4.     By     R. 
Lydekker.    4to.    Calcutta,  1884. 

.    .    .    .    .     .    .    Part  5.     By 

B.  Lydekker.    1884. 


.    .     .     .     Series  13.     Salt-range  Fossils.     By 

W.  Waagen.  I.  Productus-limestone  Fossils ;  IV.  (fasc.  3  &  4). 
4ta    Calcutta,  1884. 

.    .     .      .      Series  14.     Tertiary  and  Upper 

Cretaceous  Fossils  of  Western  Sind.  Vol.  i.  No.  3.  The  Fossil 
Ediinoidea.  Fasc.  4.  By  P.  M.  Duncan  and  W.  P.  Sladen. 
4tD.    Calcutta,  1884. 

.    .     Records.    Vol.  xvii.     Parts  3  &  4.     1884.     Svo. 

Gakotta,  1884. 
- — .    .    .     VoL  xviii.    Parts  1  &  2.     1885. 

/mn^,  R.  D.  Divisibility  of  the  Archaean  in  the  North-west.  Svo. 
Xew  Haven,  1885. 

1  and  C.  R.  van  ffise.    On  Secondary  Enlargements  of  Mineral 

Fragments  in  certain  Rocks.     Svo.     Washington,  1884. 

Ittly.  Ministerio  di  Agrieolture,  Indvatria  e  Commercio,  Direiione 
genenle  dell'  Agricoltura.  Relazione  sul  servizio  minerario  nel 
1S82.    Svo.    Rome,  1884. 
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Jacl\  IL  L.  Lecture  on  the  Bo  wen  River  Coalfield*  Ifewspaper 
slip,  1885  {*  Port  Denison  Times '). 

Jamiemn^  T,  £.  The  Inland  Seas  and  Salt-Lakes  of  the  Gkdal 
Period     8to.    Londoij,  1885. 

Jmindtaz,  E.     Les  Kochcs.     2d  edition.     8vo.     Paris,  1S84. 

Jeffreys,  J.  ihinpi.  On  the  Molliisca  procured  during  tho  *  Lightning  * 
and 'Porcupijic' Expi-^tions,  lSGS-70.  Pt.  8,  8vo.  London, 
1H84. 

;     On  the  Concordance  of  the  Mollusca  inhabiting  both  «ides 

of  the  I^oith  Atlantic  and  the  intermediate  Seae.     8vo.     London, 
18S5. 

Johnstrup,  K  Nogle  lagttagelser  over  Glacial  Plijenomonenie  og 
Cyprina-Leret  i  Danmark*     8vo.     Copenhagen,  1882. 

Jon^s^  T,  EitperL  Review  of  *  Second  Annual  Report  of  the  United 
States  Guologicd.  Smroy  to  the  Secretary  of  the  Interior/ 
1B80-8L 

,     Demonstration  on  Marbles  and  other  Monumental  Stones. 

8vo,     London,  1884, 

.     Notes  on  Palseozoic  Bivalved  Entomostraca.    Ko.  17.    Some 

Korth-Ameriean  LeperdiliiF  and  allied  Forms.     8to.     London, 
1884. 

.     Notes  on  the  PakMJZoic  Bivalved  Eutomostraea*     No.  18. 

Some  species  of  the  Entomididoe,     8vo.     London,  1884. 

— — ,  Notes  on  the  Foraminilera  and  Ostracoda  from  the  Deep 
Boring  at  Richmond.     8to.     London,  1884. 

,     NotcH  on  the  lal^e  Mr.  Georgo  Tate's  Specimens  of  Lower 

Carhoniferoua  Entomostraca  from  Berwickshire  and  Northampton- 
shire.    8vo.     London,  1884. 

-.     On  the  Geology  of  South  Africa.     8vo.     London,  1884. 


— -.     On    the    Implementiferoua   GraTele    near   London, 
London,  1884. 


8vo. 


— ,     Intermittent  Streams  in  Berkshire.     8vo.     London,  1885, 

;  and  J.  IK  Kirkhy^     Notes  on  the  Palieoioic  Bivalved  Ento- 

niostraca.     No,  XIX.     Sto.     London,  1885. 

*, ,  and  O.  S,  Brathj,     A  Monograph  of  the  British  Fossil 

Bivalved    Entomostraca    from     the   Carbomlerous    Formations, 
Fart  L  No.  2,     4to.     I^ndon,  1884, 

— — ,  and  Henry  Woodward,  Notes  on  Pliyllopodiform  Crastaeeaiui, 
referable  to  the  Geniis  EcMnocaris^  from  the  Palfieozoic  Koeks. 
8vo.     London,  1884. 

Jones,  Sir  Willoughb) .  The  Arterial  Drainage  of  Norfolk.  8to, 
Norwicb,  1869.     PresenUd  hy  E.  B.  Woodward^  Esq.,  FM^. 


Digitized  by  VjOOQIC 


ABDinOirS  TO  THB  LIBBABY.  179 

J(mmd,  F.     L'Austxalie.     8vo.     Paris,  1884. 

Knedandy  S.  The  Subsidence  Theory  of  Earthquakes.  8vo. 
Boston,  1884. 

Kanen,  A.  von.  Beitrage  zur  Zenntniss  der  Placodermen  des  nord- 
deatschen  Oberdevon's.     4to.     Gottingen,  1883. 

.  Ueber  eine  Paleocane  Fauna  von  Kopenhagen.  4to.  Got- 
tingen, 1885. 

Kuntu,  0.  Ueber  gas<^en-sedimentare  Entstehung  der  TJrgesteine. 
8jo.    Leipzig,  1884. 

Kusta,  J.  Tlulyphonus  hohemicus^  n.  sp.  Ein  Geisselscorpion 
aus  der  Steinkohlenfonnation  von  Eakonitz.     8yo.     Prag,  1884. 

Lapworth,  C.  The  Mason  College  and  Technical  Education.  8vo. 
Birmingham,  1884. 

.    On  the  Close  of  the  Highland  Controversy.     8vo.    London, 

1885. 

Lasaulx,  A.  von.  Einfiihrung  in  die  Gesteinslehre.  8vo.  Breslau, 
1885.     Purchased. 

La  2bu£^,  J,  D.  A  Handbook  of  the  Geology  of  Shropshire.  4to. 
London,  1884. 

Ze6ottr,  0,  A,  Deposit  of  Lacustrine  Marl  in  West  Yorkshire. 
8vo.    London,  1884. 

.    On  the  Breccia-Gashes  of   the  Durham  Coast,  and  some 

recent  Earth-shakes  at  Sunderland.      8vo.     Newcastle-on-Tyne, 

1864. 

.  On  the  Geological  Distribution  of  Endemic  Goitre  in  Eng- 
land.   8vo.     n.  d. 

Lendenfeld,  E.  v.  Der  Tasman-Gletscher  und  seine  Umgebung. 
4to.    Gotha.     1884.     Purchased. 

UomrddU^  O.  U  Saldame,  il  Eego  e  la  Terra  di  Punta  Merlera 
in  Istria  come  formazione  termica.     8vo.     Eome,  1884. 

Letquereuje,  Leo.  Description  of  the  Coal  Flora  of  the  Carboniferous 
Formation  in  Pennsylvania  and  throughout  the  United  States. 
Vols.  i.  &  ii.  8vo.  Harrisburg,  1880.  Also  Atlas.  8vo. 
1879. 

.   Description  of  the  Coal  Flora  of  the  Carboniferous  Formation 

in  Pennsylvania,  and  throughout  the  United  States.     Vol.  iiL 
8vo.    Harrisburg,  1884. 

Lewu^  H.  C.  On  supposed  Glaciation  in  Pennsylvania  south  of  the 
Terminal  Moraine.    8vo.    Newhaven,  1884. 

.  Notes  on  the  Progress  of  Mineralogy  in  1884.  8vo.  Phila- 
delphia, 1886. 

Undstrcm^  O.  On  the  Silurian  Gastropoda  and  Pteropoda  of  Gotland. 
4to.    Stockholm,  1884. 
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Limrsidge,  A.     Rocka  from  ^ew  Britain  and  New  IrelaBd.     8to, 

Sydney,  1883. 
,     Tlie  Beniliquin  or  Barratta  Mefcoorite.    lat  and  2nd  Notice, 

8vo.     Sydney,  1883< 

',    On  the  Chemical  Composition  of  certain  Kocka,  New  South 

Wales,  4c.     1st  Notice*     8vo.     Sydney,  1883, 

Loretz^  H,  XJober  Echinoaphrirites  tind  einige  aadore  organische 
Keste  aus  dem  Untersilur  ThuringeBB.     8vo.     Berlin,  18S4, 

Lm^n,  S.     On  Pourtahsia,  a  genus  of  Echinoidea,  4 to,    Stockholm, 

1883. 
Liml,  K     Die  Granit^Keme  des  Kaiserwaldes  bei  Marienbad.    8vo. 

Prag,  1885. 
Luetfy  W.   O.     The  Terrace  Gravels  of  Anchnasheen,  Bosa-ftliiTe : 

Hoch  Crib,  Fretherne.     8vo,     Gloucester,  1883. 

.     Section  of  a  Well-ainking  at  the  Island,   Glouc^jster,    by 

Messrs.  Robertson  and  Co,,  and  some  Bern  arks  upon  the  Thicknera 
of  the  Lower  Lias  at  Gloucester  and  the  Neighbourhood.  8to» 
Gloucester,  1884. 

.     Section  of  Birdlip.     Some  Remarks  on  a  Boring  for  Water 

near  BirdHp  for  the  City  of  Gloucester,     8yo.     Gloucester,  1884. 

Lundgren,    B.      Anmarkningar    om   Si)oudyluflartoma   i    Sreriges 

Kritsystem.     4to.     Stockholm,  1885. 
,     Undersokningar  ofvor  Bracbiopoderna  i  Sveriges  Kritsystem. 

4to.    Lund,  1885, 

Lutken^  0,  Bes  crines  et  des  autres  oseements  hum  a  ins  de  Minaa 
Geraes  dans  le  Bresil  Central.     Svo.     Copenhagen,  1884. 

L^dthktr,  E,  Synopsis  of  the  Fossil  Vertebrata  of  India ;  Note  on 
the  Bijori  Labyrinthodont  ;  and  Note  ou  a  SkuU  of  Hippotherium 
antilopinnm.     8vo,     Calcutta,  1883. 

'.     Catalogue  of  Vertebrate  Fossils  from  the  Siwaliks  of  India, 

in  the  Science  and  Art  Museum,  Dublin.     4to.     Dublin,  1884. 

—  .  Notes  on  some  Fossil  Carnivora  and  Rodentia.  Svo. 
London,  1884, 

-,     Note  on  the  Distribution  in  Time  and  Space  of  the  Genera 

of  Siwalik  Mammals  and  Birds.     8to.     London,  1884. 

.  Note  on  three  Genera  of  Fossil  Artiodactyla,  with  De- 
scription of  a  new  Species.     Svo.     London,  1885. 

LyelL  Bir  C,  and  P.  M,  Duncan,  The  Student's  Elemaits  of 
Geolog}',  by  Sir  Charles  Lyell.  Fourth  Edition,  revised  by  1*. 
Martin  Duncan,  Svo,  London,  1885.  Prtsejittd  btf  L,  LiftlU 
Esq.,  KG.S. 

L^man^  B.  S,      A  Review  of  the  Atlas  of  the  Western  Middle 


Anthracite  Field,     Svo,     1884. 
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1881 

^^nw,  J.  B.    A  Eeview  of  the  Progress  of  North  American  In- 
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ife^  A,  F,    Snr  les  caract^res  d'une  Conif^re  tertiaire,  voisine 
<lei  DBomar^  (Doliostrobus  Stemhergi).    4to.     Paris,  1884. 

^  0.  C,    Dinocerata :  A  Monograph  of  an  Extinct  Order  of 
gig&Dtic  Mammals.     4to.     Washington,  1884. 

^^>*alongo,  A.      Sopra  le    piante  fossili  dei  terreni  terziarj  del 
^icentino.    8vo.     Padova,  1851.     Presented  by  A.  W.  Waters, 

"^.  Rant®  foBsiles  nov»  in  formationibus  tertiariis  regni  Veneti 
I       fi«p»  inventae.      8vo.      Verona,  1853.     Presented  by  A.  W, 
^akn.  Esq,,  F.OJ3. 

— ■'  Palaeophyta  rariora  formationis  tertiari^B  agri  Veneti.  8vo. 
Venice,  1858.    Presented  by  A.  W.  Waters,  Esq.,  F.QJS, 

— ■'  BeUquie  della  flora  tbssile  eocena  del  Monte  Pastello  nella 
Jforincia  Veronese.  8vo.  Venice,  1858.  Presented  by  A,  W. 
Water$,  Esq.,  F.GJ3. 

Micott,  H,  B.  Submerged  Forest  on  Bombay  Island.  8vo. 
Calcutta,  1882? 

^enaUi,  0.  Contribuzioni  alia  geologia  delle  Isole  lipari.  8vo. 
Klan,  1879. 

— .  Natora  delle  eruzioni  dello  Stromboli  ed  in  generale  dell' 
attiviti  nsmo-yulcanica  nelle  Eolie.     8vo.     Milan,  1881. 

- — .    Le  inondazioni  et  i  terremoti  di  Verona.     8vo.     1882. 

— .  Sun'  enixione  Etnea  del  22  marao  1883.  8vo.  Milan, 
1883. 

*- — .  Notiade  sullo  state  attuale  dei  vidcani  attivi  Italiani.  8vo. 
Milan,  1884. 

Metajlfe,  A.  T,  On  the  Mammoth  at  Creswell.  8vo.  Derby  ?, 
1885. 

Mennier,  Stanislas.   Encydop^e  Chimiqne.  Tome  2.   M^talloides. 

App^dice  2me  cahier.    M^t^rites.     8vo.     Paris,  1884. 
.    Traits  de  Pal^ntologie  pratique.     8vo.     Paris,  1884. 
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Miller,  If,  Tynedde  Escarpmeate ,-  their  Pre-glacial,  Glacial,  and 
Post-glacial  Foattires,     8vo.     Newcastle-upon-Tyne,  1880. 

,  liiver-fcerracing ;  ite  Methods  and  their  Results.  8vo.  Edin- 
burgh, 1884. 

,     On  Boulder-glaciation,     8vo,     Edinburgh,  1885. 

Moretofiy  S.  H,  Milford  Sound  and  the  Scenery  of  the  We^  Coast 
of  the  Middle  Island  of  Kew  Zealand.  8vo.  Invercargill,  N,  Z., 
1882, 

A  Scramble  over  the  Lake  Mountains.     8to.     IiivercargiU, 


N.  Z.,  1885 

Moseley,  H.  N.  On  the  Structure  of  the  StylasteridiB,  a  Family  of 
the  iflydroid  Stony  Corals.  4to.  London,  1878.  PrescnUd  l*tf 
Prof.  P.  M.  Buman,  FJLS. 

Naumann,  E.  Uebcr  den  Bau  und  die  Entstehung  der  japanischen 
Insela.     8vo.     Berlin,  1885.     Ftirch^i^ed. 

Mavarro^  E.  J,  Estudio  prehistarico  sobre  la  Cueva  del  Tesora. 
8vo.     Malaga,  1884. 

Newberry^  J",  j^.  Description  a  of  eomo  peculiar  screw-like  Fossils 
from  the  Chemung  Recks.     Svo.     New  York,  1885. 

Newfoimdland.  Pilote  de  Terre-Neure,  par  Q.  Clone.  2me  edition. 
2  vols.  8vo.  Paris,  1882,  Presented  %  tM  Depot  dd  la 
Marine, 

New  South  Wales.  Australian  Museum.  Report  of  the  TnuUeM 
for  1883.     4to.     Sydney,  1884. 

.     Departnuni  of  Mities^  Annual  Report  of  the,  for  the  year 

1883.     4to.     Sydney,  1884. 

New  Zealand.  Control  and  Inspection  of  Mines  (Report  on),  1884. 
4to,     Wellington,  1884.     Ptrsmted  %  (r.  /.  Binm,  Esq, 

.      GmloqimI  Surveif.      Reports   of   Geological    Explorations 

during  1883-84.     8vo.^    Wellington,  1884. 

.     -.     Meteorological  Report,  1883.     8to.      Wollina^on, 

1884. 

Nichf)hon,  U,  The  Work  and  Workers  of  the  British  Association^ 
1831-1884.     8vo.     London,  1884. 

Niedzwiedzki^  J.  Ueber  die  Sakformation  von  Wieliczka  und 
Bochnia  sowie  die  an  diese  angrenzenden  GehirgBglieder.  8vo. 
Lemberg,  1884. 

j^ikiiin^  S,  Die  Cephalopodenfauua  dor  Jura-Bildungeii  deo  Gou- 
vememcnts  Kostroma.     4to.     St,  Petersburg,  1S84. 

Norway.  Instructions  nauticjues  sur  lee  cotes  oueat  de  Norvege. 
8yo.     Paris,  1883.     Presented  bi/  the  Depot  de  la  Marine, 
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Norwegian  North  Sea  Expedition.     Den  Norske  Nordhavs  Expe- 
dition 1876-78. 
XL  Zoologi.  Asteroidea  yed  D.  C.  Danielssen  og  J.  Zoren.    4to. 

Christiania,  1884. 
Xn.  Zoologi.     Pennatolida  ved   D.   C.  Danielssen   og  Johan 

Zoren.     4to.     Christiania,  1884. 
Xin.  Zoologi.   SpongiadsB  ved  G.  A.  Hansen.    4to.   Christiania, 
1 885.  Pre*enUd  by  the  Meteorological  Institute,  Christiania. 

Nova  Scotia.  Department  of  Mhies,  Keport  for  the  year  1884. 
8vo.     Halifax,  N.  S.,  1885. 

Omboni,  O.  Delle  Ammoniti  del  Yeneto  che  furono  desoritte  e 
fignrate  da  T.  A.  CatuUo.     8vo.     Venice,  1884. 

Owen,  R.  A  History  of  British  Fossil  Reptiles.  Parts  1-^.  4to. 
London,  1849-51.     Purchased, 

.    .     Vols.  l-A.    4to.     London,  1849-84.     Purchased. 

Owen,  Sir  B.  Antiquity  of  Man  as  deduced  from  the  discovery  of 
a  Human  Skeleton  during  the  Excavations  of  the  East  and  West 
India  Dock  Extensions  at  Tilbury.     8vo.     London,  1884. 

Pacific  Ocean.  Instructions  nautiques  sur  I'oc^an  Pacifique  Sud. 
lies  Samoa.  8vo.  Paris,  1884.  Presented  by  the  Dep6t  de  la 
Marine. 

Pal^ntologie  Fran^aise.  Ire  serie.  Animaux  invert^br^.  Ter- 
rain jurasfiique.  Livraison  70.  Crinoides,  par  P.  de  Loriol.  8vo. 
Paris,  1884.     Purchased. 

.     .    .     .     Livraison  71.     Eohinides  r^;uliers, 

par  G.  Cotteau.     8vo.    Paris,  1884.     Purchased, 

.     .    . .      Livraison  72.      Crinoides,  par  P. 

de  LorioL     8vo.     Paris,  1884.     Purchased, 

.     .     .     .    Livraisons  73  (&  75.   Echinides  r^gu- 

liers,  par  G.  Cotteau.     8vo.     Paris,  1884.     Purchased, 

.     .     . .      Livraison  74.      Crinoides,  par  P. 

de  Loriol.     8vo.     Paris,  1884.     Purchased, 

.     .    .     .      Livraison  77.     Brachiopodes,  par 

DeBlongchamps.     8vo.     Paris,  1885.     Purchased, 

.     .     .     .      Livraisons   76   &   78.      Echinides 

r^nliers,  par  G.  Cotteau.     8vo.     Paris,  1885.     Purchased, 

Paris.  Museum  d'histoire  naturdle,  Nouvelle  galerie  de  Paldon- 
tologie.     8vo.     Paris,  1885. 

Parsons^  J,    Discovery  of  Coprolites  at  Mussoorie  (India).    8vo. 

Eoorkee,  1884. 
Pttvlaw,  A.     Notes  sur  Hiistoire    geologique  des  oiseaux.     8vo. 

Moscow,  1885. 

.     Notions  sur  le  systeme  jurassique  de  TEst  de  la  Eussie. 

8vo.    Paris,  1884. 
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Btemek^  K  A.     Second  Supplejnunt  to  '  Saturated  Steam,'     Svo. 
LondoD,  1884« 

FeTick^  A,     Die  Eiszeit  ia  den  Pyrena^n.     8vo.     Leipzig,  1883, 

.    Alte  und  Dsue  Gletscher  der  Pyrenaen.     8vo.     Salzbiirg, 

1884. 

-.     Geograpliigclie  WirkungeD  dor  Eiszeit.     8to.    Berlin,  1884. 

,     MenscE  imd  Eiszeit.     4to.     Brimewick,  1884. 


Pennsylvania.    Second  Geological  Survey.      Reports.    Presented  hf 
the  Surveif, 

A.  Historical  Sketcli  of  Geological  Explorations  in  Pennsylvania 

and  other  States,  by  J.  P.  Lesley.     8vo.     Harrisburg, 
1870. 

A^.  A  Special  Report  to  the  Legisilature  u|}on  the  Causes,  Kinds, 
and  amomit  of  Waste  in  mining  Anthracite,  by  FranMin 
Piatt;  with  a  Chapter  on  the  Methods  of  Mining,  by 
John  Price  Wethcnll.     8vo.     Harrisburg,  1881, 

A,*  First  Report  of  Progress  in  the  Anthracite  Coal  Re^oa. 
The  Geologj^  of  the  Panther  Creek  Basin  or  Eastern  End 
of  the  Southern  Field,  by  C.  A,  Ashburner.  8vo.  Har- 
risburg, iHHii.     And  Atlas,     8vo* 

Aj,.  Atlas,  Western  Middle  Anthracite  Field.     Part  L     8vo. 

A^,  Grand  Atlas.  Division  11.  Anthracite  Coal  Fields.  Part  1, 
FoL     Harrisburg,  1884, 

AC*  Report  on  the  Mining  Methods  and  Appliances  used  in  the 
Anthracite  Coal  Fields,  by  H.  M.  Chance,  8vo.  Harris- 
burg, lbb'4.     And  Atlas,     8vo, 

B.  Prcliminar)'  Report  on  the  Mineralogy  of  Pennsylvania,  by 

F.  A.  Gentb;   with  an   Appendix    on  the  Hydrocarbon 
ComponndM,  by  8.  P.  Sad  tier.     8vo.     Hariisburg,  lb  75. 

Bj,.  Second  Preliminary  Report  on  the  Mineralogy  of  Pennsyl- 
vania, by  F,  A.  Genth.     8vo*     Harrisbnrg,  1876, 

C.  Report  of  Progress  in  the  district  of  York  and  Adams  Coun- 

ties, by  Persifor  Frazer,  Jun.     8vo.     Harriabnrg,  187t). 

C^,  Report  of  Progress  in  the  Counties  of  York,  Adams,  Cumber- 
land, and  Franklin,  by  Persifor  Frazer,  Jnn.  8vo,  Har- 
risburg, 1877* 

C^.  The  Geologj'  of  Lancaster  County,  by  Persifor  Frazer,  Jmu 
8vo,     Harrisburg,  1880.     And  Maps. 

C^.  The  Geology  of  Chester  County.  Edited  by  J.  P.  Leskn . 
8vo,     Harrisburg,  1883* 

C,.  The  Geology  of  Philadelphia  County  and  of  the  Sontbeni 
Part^  of  Montgomery  and  Bucks,  by  C.  E,  Hall.  Svo, 
Harrisburg,  1881. 
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D.  Baport  of  Progress  on  the  Brown  Hematite  Ore  Eanges  of 

Lehigh  Comity,  by  Frederick  Prime,  Jun.  8vo.  Harris- 
burg,  1875. 

D,.  Beport  of  Progress  on  the  Brown  Hematite  Deposits  of  the 
Siluro-Cambrian  Limestones  of  Lehigh  County,  lying  be- 
tween ShimersviUe,  Millerstown,  Schnecksville,  BaUiets- 
ville,  and  the  Lehigh  Biver,  by  Frederick  Prime,  Jun. 
8vo.     Harrisburg,  1878. 

D,.  VoL  1.  The  Geology  of  Lehigh  and  Northampton  Counties, 
by  J.  P.  Lesley,  E.  N.  Sanders,  H.  M.  Chance,  F.  Prime, 
and  C.  E.  Hall.     8vo.     Harrisburg,  1883. 

D,.  VoL  2.  The  Geology  of  the  South  Mountain  Belt  of  Berks 
County,  by  E.  V.  dlnvilliers.     8vo.     Harrisburg,  1883. 

D,.  Vols.  1  &  2.    Atlas.     8vo. 

D,.  Atlas.     Svo. 

E.  Special  Beport  on  the  Trap  Dykes  and  Azoic  Bocks,  by  T. 

SterryHunt.     Parti.     Svo.     Harrisburg,  1878. 

F.  Beport  of  Progress  in  the  Juniata  District  on  the  fossil  Iron 

Ore  Beds  of  Middle  Pennsylyania,  by  John  H.  Dewees ; 
with  a  Beport  of  the  Aughwiok  Valley  and  East  Broad 
Top  District,  by  C.  A.  Ashburner.      Svo.     Harrisburg, 

1878. 

0.  Beport  of  Progress  in  Bradford  and  Tioga  Counties,  by 
Andrew  Sherwood,  Franklin  Piatt,  and  John  Fulton. 
Svo.     Harrisburg,  1877  (?). 

6,.  The  Geology  of  Lycoming  and  Sullivan  Counties,  by  Andrew 
Sherwood  and  Franklm  Piatt.  .  Svo.     Harrisburg,  1880. 

%  The  Geology  of  Potter  County,  by  Andrew  Sherwood;  with 
Beport  on  the  Coal  Fields,  by  Franklin  Piatt.  Svo. 
Harrisburg,  1880. 

^4'  The  Geology  of  Clinton  County,  by  H.  M.  Chance.  Svo. 
Harrisburg,  1880. 

^r  The  Geology  of  Susquehanna  County  and  Wayne  County, 
by  I.  C.  White.     Svo.     Harrisburg,  1881. 

^•'  The  Geology  of  Pike  and  Monroe  Counties,  by  L  C.  White ; 
Special  Surveys  of  the  Delaware  and  Lehigh  Water  Gaps, 
by  H.  M.  Chance.     Svo.     Harrisburg,  1882. 

^r  The  Geology  of  the  Susquehanna  Biver  Begion  in  the  six 
counties  of  Wyoming,  Lackawanna,  Luzerne,  Columbia, 
Montour,  and  Northumberland,  by  I.  C.  White.  Svo. 
Harrisburg,  1883. 

H.  Beport  of  Progress  in  the  Clearfield  and  Jefferson  District 
of  the  Bituminous  Coal  Fields  of  Western  Pennsylvania, 
by  Franklin  Piatt.    Svo.    Harrisburg,  1875. 
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Hy.  E^^port  of  Progjesa  in  the  Cambria  and  Somerset  District 
of  the  Bituminous  Coal  Fields  of  Western  Pennsyl- 
vania, Part  I.,  by  F.  and  W.  G.  Piatt  8vo,  Har- 
risburg,  1877, 

Hg.  *^^,  Part  Ii:,  by  E.  and  W.  O*  Piatt,  8vo.  Harris- 
burg,  1877. 

H^,  Report  of  Pro^resa  in  Indiana  County,  by  W.  G.  Piatt. 

Bvo,     Harrishurg,  1878, 
Hj.  Eoport  of  Progress  in  Armstrong  County,  by  W,  G*  Piatt. 

8vo.     Harrisburg,  1880. 

H,.  Report  of  Progress  in  Jefferson  County,  by  W.  G-  Piatt. 
8vo.     Hiirrifiburg,  1^81. 

H^,  A  Ee vision  of  the  Bituminous  Coal  Measures  of  tJlear- 
field  C^ounty,  by  H.  M.  Chance.  8vo,  Harrisburg, 
18S4, 

I.  Report  of  Progress  in  the  Venango  County  District,  by 
John  F.  Carll,  with  Observations  on  the  Geology 
around  Warren,  by  F.  A.  Randall,  and  Nota  on  the 
eomparative  Geology  of  north-eastern  Ohio  and  north- 
western  Pennsylvania  aud  western  New  York,  by 
J.  P.  Lesley.     8vo.     Harrisbui-g,  1875. 

Ij,  Report  of  Progress,  Oil-weU  Records  and  Levels,  by  John 
F,  CarlL     Svo.    Harrishurg,  1877, 

I^.  The  Oeologj^  of  the  Oil  Regions  of  Warren.  Venango, 
Clarion,  and  Butler  Counties,  including  Surveys  of  the 
Garland  and  Panama  Conglomerates  in  Warren  and 
Crawford,  and  in  Chatanqua  Co.,  N,  Y, ;  descriptions 
of  Oil-well  rig  and  tools,  and  a  discussion  of  the  Pre- 
glacial  and  Postglacial  drainage  of  the  LaJce-Krie 
country,  by  John  F.  Carll,  8vo.  Harrisburg,  18S0. 
With  maps,  <fcc, 

I^.  Geological  Report  on  Warron  County  and  the  neighbour- 
ing Oil  Regions,  with  additional  Oil-well  Records,  by 
J.  F,  Carll.    8vo.     Ilarrisburg,  1883. 

J,    Special  Report  on  the  Petroleum  of  Pennsylvania,  its  pro- 
duetion,  transportation,  maniifachiret  and  statistics 
by  Heni^'  E.  Wiigley,     8to.     Hamsburg,  1875, 

K.    Eepyrt  of  Progress  in  the  Green  and  Washington  Diatriet 
of  the  Bituminous  CoalFields  of  Western  Petmsylvania 
by  J.  J.  Stevenson.     Svo.     Harrisburg,  1876. 

K,,  Report  of  Progress  in  the  Fayette  and  Westmoreland 
District  of  the  Bittiminoua  Coal  Fields  of  Weetem 
PennHylvania,  Part  I.,  by  J.  J,  Stevenson.  8vo, 
Harrisburg,  1877. 

K-,  ,  Part  II.,  by  J.  J.  Stevenson,     8vo.     Harrisbunr 

1878.  ^" 
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L  Special  Report  on  the  Coke  Manufacture  of  the  Youghio- 
gheny  River  Valley  in  Fayette  and  Westmordand 
Counties,  with  geological  notes  of  the  Coal  and  Iron-ore 
Beds,  by  Franklin  Piatt.     8vo.    Harrishurg,  1876. 

M.  Report  of  Progress  in  the  Laboratory  of  the  Surrey  at 
Harrishurg,  by  Andrew  S.  McCreath.  Sto.  Harrishurg, 
1875. 

Mj.  Second  Report  of  Progress  in  the  Laboratory  of  the  Survey 
at  Harrishurg,  by  A.  8.  McCreath.  8vo.  Harrishurg, 
1879. 

Mj.  Third  Report  of  Progress  in  the  Laboratory  of  the  Survey 
at  Harrishurg,  by  A.  8.  McCreath.  8vo.  Harrishurg, 
1881. 

N.  Report  of  Progress.  Two  hundred  Tables  of  Elevation 
above  tide-leveLof  the  railroad  stations,  summits^  and 
tunnels ;  canal  locks  and  dams,  river  riffles,  &c.,  in  and 
around  Pennsylvania,  by  Charles  Allen.  8vo.  Harris- 
hurg, 1878. 

^'  Catalogue  of  the  Geological  Museum,  by  Charles  E.  Hall. 
Part  1.     8vo.     Harrishurg,  1878. 

%  .    Part  2.     8vo.     Harrishurg,  1880. 

^'  ^description  of  the  Coal  Flora  of  the  Carboniferous  Forma- 
tion of  Pennsylvania  and  throughout  the  United  States, 
by  Leo  Lesquereux.  Vols.  i.  and  ii.  (in  one  vol.).  8vo. 
Harrishurg,  1880.     Atlas.   8vo.     Harrishurg,  1879. 

'  ^  Vol.  iii.     8vo.     Harrishurg,  1884  (Text  and  Plates 

in  one  vol.). 

*!'  The  Permian  or  Upper  Carboniferous  Flora  of  West  Vir- 
ginia and  S.W.  Pennsylvania,  by  W.  M.  Fontaine  and 
I.  C.  White.     8vo.     Harrishurg,  1880. 

*••  Oeratiocaridae  from  the  Upper  Devonian  Measures  in 
Warren  County,  by  C.  E.  Beecher ;  Eurypteridce  from 
the  Lower  Productive  Coal  Measures  in  Beaver  County, 
and  the  Lower  Carboniferous,  Pi  thole  Shale,  in  Venango 
County,  by  J.  Hall.     8vo.     Harrishurg,  1884. 

H«  fteport  of  Progress  in  the  Beaver  River  District  of  the 
Bituminous  Coal  Fields  of  Western  Pennsylvania,  by  I. 
C.  White.     8vo.     Harrishurg,  1878. 

%  The  Geology  of  Lawrence  County,  by  I.  C.  White.  8vo. 
Harrishurg,  1879. 

%*  The  Geology  of  Mercer  County,  by  I.  C.  White.  8vo. 
Harrishurg,  1880. 

%  The  Geology  of  Erie  and  Crawford  Counties,  by  I.  C.  White. 
Discover}'  of  the  Preglacial  Outlet  of  Lake  Erie,  by  J.  W, 
Spencer.     8vo.     Harrishurg,  1881. 
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E.  The  Geology  of  McKoan  County  and  its  connection  with 
that  of  CameroQ,  Elk,  and  Forest,  by  Chas,  A,  Aab- 
bumer.  8vo.  Harrijsburg,  1880,  xIIbo  Maps  and 
Charts.     8vo. 

R.  (Appendix  A.)  Drillings  for  Coal  in  Sergeant  Township, 
McKean  County,  by  N.  F,  Jones,  J.  P*  Lesley,  and  C.  A. 
Ashbumen     8vo.     Harrisburg,  1881, 

T.  The  (jeology  of  JSlair  County,  by  F.  Piatt.  8vo.  Harris- 
burg, ISSI. 

T.    Geology  of  Blair  County,  by  J.  J.  Stevenson-     Atlas*  8vo. 

Tji  Tho  Geology  of  B<)dford  and  Fulton  Conntiea,  by  J.  J. 
8te?enfton.     8vo.     Harrisburg,  1882, 

T^.  The  Geology  of  Centre  County,  by  E.  Y.  d'Invilliers,  8vo. 
Harrisbui^,  1884. 

T,  Parti.  The  Northern  Townships  of  Butler  County.  Part  2. 
A  special  Surrey  made  in  1875,  along  the  Beaver  and 
Shenango  riTers,  in  Beaver,  Lawrence,  and  Mercer 
Counties,  by  H,  M.  Chance.    8vo.    Harrisburg,  1884. 

Yj.  The  Geology  of  Clarion  County,  by  H.  M.  Chance,  8vo- 
Harrisburg,  1880. 

Z-  Report  on  the  Terminal  Moraine  in  Pennsylvania  and 
Western  New  York,  by  H,  C.  I^wis.  8vo.  Harris- 
burg, 1884. 

Pennsylvania*  Second  Geological  Survey,  Reports  A^,  B,  B^, 
C,  C„  C„  D.  B,,  E,  F,  G,  G„  G„  G„  H,  H  H„  H„  H,,  I,  1,,  I^, 
J,  K,,  K,,  L,  M,,  N,  0,  0„  P,  P,,  Q,  Q,,  tl,,  R,  T,  V,  Y,.     8vo, 

Harrisburg,  1875-84.     Premnted  hy  H,  Bauemian,  Ettq.,  F.(^,S. 

Perif^  G.  A,     Estatistica  agricola  do  Districto  de  Beja.    Parte  2  &  3, 

4to,     LisWn,  1884-85. 
Petzholdt,  A.     SUioitication  organischer  Korper,    4to.   HaHe,  1853. 

Presented  %  Prof.  R  J/.  Daiimn,  KE,8. 

Phillips,  J.  AriJmr.  A  Treatise  on  Ore  Deposits.  8to.  London j 
1884. 

Pichler,  A.  Beitriige  zur  Geognosie  Tirols.  8vo.  Insbruck,  1859. 
Preaeraed  hj  A,  IF.  Waters,  Esq,,  KG.S. 

Portw,  A.  Lea  Chelonien^  de  la  mollasse  Yaudoise  conserveia  dans 
le  Musee  Geologique  de  Lama  one,     4to.     Geneva,  1882. 

.     H  calcar©  del  Monte  Tabor,  Piemonte*     8vo.     Turin,  1883, 

.     D  oeiTO  deUa  torbiera  di  Trana.     8vo,     Turin,  1883. 

-  -    .     Nuovi  chelonii  fossili  del  Piemonte.     4to.     Turin,  1883, 

,     Nnovi  studi  sulle  traccie  attribuite  all'  uome  Pliocenice.    4ta 

INirin,  1883. 

.     Contribuzione  alia  omitolitologia   Italiana.      4to.     Turin, 

1884. 
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FortugaL  Ck>mmiimca9de8  da  seogao  doB  trabalhos  geologicos  de 
Portugal.  Tomo  i.  Fasc.  1.  1885.  8vo.  Lisbon,  1885.  Pre- 
sented  by  that  Survey. 

Putmauf  C,  E.  Elephant  Pipes  in  the  Museum  of  the  Academy  of 
Natural  Soienoee,  Davenport,  Iowa.     8vo.    Davenport,  1885. 

Queensland.  Baport  on  the  Tin  Mines  of  Herberton,  Western,  and 
Thompson's  Creek  Districts,  and  the  Silver  Mines  of  the  Drj  Eiver, 
by  B.  L.  Jack.    4to.    Brisbane,  1883. 

.    Beport  on  the  Mount  Morgan  Gold  Deposits,  by  jB.  L.  Ja4ik. 

4to.    Brisbane,  1884. 

.    Beport  on  the  Hodgkinson  Gold-Held,  by  B,  L.  Jack.     4to. 

Brisbane,  1884. 

Quenstedt,  Fr.  Aug.  Die  Ammoniten  des  schwabischen  Jura. 
Hefte  4  &  6.  8vo.  Stuttgart,  1884.  And  Atlas,  4to.  Pwi^ 
chased, 

.    Handbuch  der  Petrefaktenkunde.    Be  Auflage.   Abth.  3  &  4. 

8vo.    Tubingen,  1884,  1885.     Purchased. 

.      Petrefaktenkunde    Deutschlands.      Abth.   1.      Band  vii 

Hefbe  6  &  6.     Gasteropoden,  Hefte  5  &  6.     8vo.    Leipzig,  1884. 
Atlas,  4to.     Purchased. 

Beade,  T.  M.  Denudation  of  the  two  Americas.  8vo.  Liverpool, 
1885. 

Beid,  C.     On  Norfolk  Amber.     8vo.     Norwich,  1884. 

.    On  recent  Additions  to  the  Fauna  and  Flora  of  the  Cromer 

Forest-Bed.     8vo.    Norwich,  1884. 

Btid^  J.  Notes  on  the  Origin  and  Development  of  Granitic  and 
other  allied  Varieties  of  Plutonic  Bocks.  8vo.  Edinburgh, 
1885. 

Beinsch,  P.  F.  Mioro-Palaeo-Phytologia  Formationis  Carboniferae. 
2  vols.     4to.     Erlangeo,  1884.     Purchased. 

Benard^  A,  Becherches  sur  la  composition  et  la  structure  des 
phyBades  ardennais.     8vo.     Brussels,  1884. 

Benevier,  E.  Le  Musee  G^logique  de  Lausanne  en  1883.  8vo. 
lAusanne,  1884. 

.    JjoB  fades  g^logiqnes.     8vo.     Geneva,  1884. 

.     Bapport  sur  la  marche  du  Musee  Geologique  Vaudois  en 

1884,  aveo  une  notice  sur  Fichthyosaure  acquis  pour  le  mus^. 
8vo.     Lausanne,  1885. 

BogerB,  W.  B.,  A  Beprint  of  Annual  Beports  and  other  Papers  on 
&e  Geology  of  the  Virginias,  Iqr  the  late.  8vo.  New  York, 
1884.     Presented  by  Mrs.  Rogers. 
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Komaaoweki,  O.    Materialiea  amr  Geolagie  tob  Tarkestau,    Lief,  1» 
4to.     St.  Petersborg,  1880. 

,     .     Lief.  2.    [In  IliMsian.]    4to.    St.  Peteraburg,  1884. 

PreMnkd  hj  ike  Rtf^stan  Geolm^ical  Society. 

Russia.     ComiU  fjeohf/ique  de  la  Emsie.     M*>moire9.     Vol.  i.  Noa.  2 
&  3,    4to.     St.  Petersburg,  1884. 

. .     ,      Vol   ii,    No.   1.      4to.      St.  Petersburg, 

1884. 

' ,     .     Reports  for  1884.      Tome  iii.   Nog.  3-10.      Sto. 


St.  Petersburg,  1884  &  1885. 

Eeport«.     Vol.  iv.  Parte  2-5. 


1885. 


Saporta,  G.     Lea  organismeis  problematiquei  des  anoiennee  meri. 

4t.o,     Paris,  18S4.     Purchased. 

,   et    A.    F*   Marion.      L'eyolution   du  regne  r^tal. — ^Les 

Phanerogam  BvS.     8vo.     Paris,  1885. 

Sartorius  von  ^'alterahausen,  W.  tJntersuchiingen  iiber  die  Klimate 
der  Gegenwart  und  dcr  Vorwelt  mit  besonderer  Beriickaichtigiing 
der  Gletscher-Eracheinungca  in  der  Diluviaheit.  4to.  Kaarlem^ 
1805.     PresenUd  fnj  A,  W.  Waterti,  Esq,,  KQJS. 

Saxony,  Qtolotjische  SpedaJharU  de^  Komfjreiclis  Sacfutn.  Erliu- 
terungen,  Blatt  29,  Mutzechen  ;  Blatt  125,  Kirchberg ;  Blatt  129, 
Zoblitz;  Blatt  137,  Schwarienberg ;  Bktt  145,  Eibenstoelt ; 
Blatt  147,  Wiesenthal.     8vo.     Leipsdg,  1884. 

Scoreabj,  J,  W.  Journal  of  a  Voyage  to  tbo  Nortbem  Whale 
Fishery ;  including  Researches  and  Biscoverica  oo  the  Eastern 
Coast  of  West  Greenland  made  in  the  summer  of  1822  in  the  ship 
*  Baffin  '  of  Liverpool.  8vo.  Edinburgb,  1823.  Presented  h^ 
A.  W.  Waters,  Esq.,  KG.S, 

Scuddcr,  S.  H.  Noraenclator  Zoologicua,  8vo.  Washington, 
1882^84.     IhtrcJiamL 

Sctdder^  S,  H,  A  Contribution  to  our  Knowledge  of  Palaeozoic 
Araehnida.     Svo.     1884. 

— — .  Trias  sic  Insects  from  the  Rocky  Moan  tains.  Sto.  New 
Haven,  1884. 

.     Dkty&netint  and  the  Allied  Insects  of  the  Carboniferous 
Epoch.     8vo.     Boston,  1885, 

-^ ,     New  Genera  and  Spedee  of  Fossil  Cockroaches  from  the 

older  American  Rocks.     Svo.     Philadolphia,  1S85. 

.     The  earliest  Winged  Insects  of  America.     4to.     Cambridge, 

Masa.,  1885. 

Betley^  H,  Q,  Manual  of  Geolog}%  Theoretical  and  Pra<>tical ;  by- 
John  Phillips,  edited  by  R.  Ethoridge  and  H.  G.  8eeley*  Part  1. 
Physic^il  Geology  and  PalaDontology,  by  H.  G.  8eeley.  8to. 
XfOndon,  1885. 
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Sdwtfn^  A.  R,  (7.,  and  O.  M,  Dawson,  Descriptive  Sk^tcli  of  iihe 
Physical  Geography  and  Geology  of  the  Dominion  of  Canada. 
8to.    Montreal,  1884. 

Sk^man^  J,  Geology  of  the  Parish  of  Lenton,  part  of  the  Borough 
of  Nottingham.     8vo.     London,  1884. 

Shrubtole,  0,  A.  On  certain  less  familiar  Forms  of  Palsolithio 
FHnt-Implements  from  the  Gravel  at  Blading.  8vo.  London, 
1884. 

Simpeon,  Martin.  The  Fossils  of  the  Yorkshire  Lias,  described 
from  Nature,  with  a  carefully  measured  section  of  the  strata  and 
the  fossils  peculiar  to  each.  2nd  edition.  8vo.  Whitby,  1884. 
Purchased. 

SmUh^  J.  B.  Expository  Thoughts  on  the  Creation.  8vo.  London, 
iLd. 

So!laSf  W.  J.  On  the  Origin  of  Freshwater  Faunas :  a  Study  in 
Evolution.    4to.     Dublin,  1884. 

South  Australia.  Mr.  Winnecke's  Explorations  during  1883.  4to. 
Adelaide,  1884.     Presented  by  the  Colonial  Government. 

.    Beport  of  Government  Geologist  (H.  T.  L.  Brown).     4to. 

Adelaide,  1884.     Presented  hy  the  Colonial  Government. 

1884.      4to.      Adelaide,   1884;     Presented  hy  the 


Colonial  Government. 

.    Beport  of  Government   Geologist  re  Visit  to  Far  North. 

4to.    Adelaide,  1884.     Presented  by  the  Colonial  Government. 

.    Work  in  Progress  in   Geological  Department  (H.  T.  L. 

Brown).      4to.      Adelaide,   1884.      Presented  hy  the   Colonial 
Gwerranent. 

Spain.    OcmisionddmapageoUgicade&pana.     Boletin.     Tomo  xi. 
Cuaderno  1.     1884. 

.     Terremotos  de  Andalucia.    Informe  de  la  Comision  nom- 

brada  para  su  estudio  dando  cuenta  del  estado  de  los  trabajos  en 
7  de  Marzo  de  1886.     Presented  hy  the  Commission. 

Sprattf  T.  A.  B.    Beport  on  the  Present  State  of  the  Navigation  of 
the  River  Mersey  (1883).     8vo.    London,  1884. 

Stanley^  W.  F.    On  certain  Eflfects  which  may  have  been  produced 

in  the  Atmosphere  by  Floating  Particles  of  Volcanic  Matter  from 

the  Eruptions  of  Erakatoa  and  Mount   St.   Augustin.      8vo. 

London,  1884. 
SteDo,  Nioolaus.     The   Prodromus  to   a  Dissertation  concerning 

SolidB  naturally  contained  within  Solids.     Englished  by  H.  0. 

8vo.     London,  1671.  ^Presented  hy  Clement  Reid,  Esq.,  F.G.8. 
SthrUng^  J.     Notes  on  a  Geological  Sketch-section  through  the 

AuBferalian  Alps.     8vo.1  f Adelaide,  1884. 
.  The  Phanerogamiajof  the  Mitta-Mitta  Source  Basin.    Art.  2. 

8vo.    Melbourne,  1884. 

VOL,  ZLL  ^  r^  \ 

Digitized  by  VjOOQ IC 


102  ABBinONa  TO  THE  LIB  BART. 

Stoppaui,  A.     Studii  geologici   e  paleontologici   aulla  Lombardia. 

8vo.     MHan,  1858.     Prt^enUd  %  A.  W,  WnUrs,  E^i,,  KG.S. 
Stur,  D.     Ueber  StoinkoHcn-PaaDzeD  Ton  LlaBcUy  und  Hwansea 

in  South  Walesj  England,     8vo.     Vienna,  1884. 
Sweden.     Gedogisla  Undtn^'ohdng.     Ser.  A  a.     Beskrifningar  till 

Kaitbladen  i  akaien  ^-^,  Nos.  88  (1883)  &  91  (1884).     8vo. 

Stockholm. 

,      .     Ser,  Ab.      Beskrifning    tiU    Kartblad    i    skalaa 

1         ITo.  10.     8to.     Stockholm,  1883. 
^,    ,     Set,  Ba.    Cartes  gi^n(?ralesav©c  descriptions.    Tfo.  4. 

Anne^^o  explicative  I  la  carte  geokgiqno  generale  de  la  Sut-de. 

Echclle  ^ Feuille    meridionale.       8vo.       Stockholm, 

1884.       '''''''^ 
,     , ^,     Ser.C,     Afhandlingar  och  uppsatser.    No.  58.    Om 

Baaalttuffen  ^d  Djnpadal  i  Sk^ne,  af  F,  Eicbstiidt.     8vo.     Stock- 
holm, 1883. 
,     ==_,     -,      Ko.  60.     Mikroskopiak  imdersok- 

ning  af  de  vid  Djupadal  i  Sklne  forckommande  bafialtbergartema, 

af  E.  Svedmark,     8vo,     Stockholm,  1883. 
^ ,     . ^       ,    No.  61.    Studier  vid  Svenska  Joklar, 

af  F.  Bvenoniua.     8to.     Stockholm,  1884. 
^     ,,     ,.     .     Ko.  62.     Om  Siljanatraktens  Band- 

fltenar,  af  M*  Stolpe.     8to.     Stockholm,  1884. 
— ^     — .    — .     No,  03.    Cephalopoderna  i  8verige§ 

KiiUystemi  af  J.  C.  Moberg.     Part  1.     4to.     Stockholm,  1884. 
. ^     No,  04.    Fraktiekt  geologiska  under- 


eokningar  inom  noira  delen  af  Kalmar  Ian      4to.     Stockholm, 

1884. 
,^     ^ ,     ,      ^.      No.   66.      Undersokningar   ofver 

Siljaiisomrkdeta  Trilobitfauna,  al^  S.  L.  Tornquiat.     4to.     Stock- 
holm, 1884, 
Symom^  B,     The  Maidanpec  Wet  Procesa  for   the  Beduetion  of 

certain  poor  CupreonB  Ores.     8yo.     Truro,  1 884. 
Ssajnoehaf  L.     Zm  KenntniBa  der  mittelcretacieehen  Cephalopoden- 

Fanna  der  Inseln  Elobi  an  dor  Westkiisto  Afrika's.    4to.    Vienna, 

1884. 
Tasmania.     Report  of  Inspector  of  Mines  for  1883.     4to.     Hobart, 

1884,    B-esetUcd  %  thitt  Govemmmt. 
Tate,  R.     Description  of  new  Species  of  Mollnsca  of  the  Upper 

Eoceue  beda  at  Table  Cape.     8vo.     Adelaide,  1884, 
_  Notes  of  a  Critical  Examination  of  the  Mollnsca  of  the  older  ] 

Tertiary  of  Tasmania  alleged  to  have  living  repMsentatives.     8va, 

Adekide,  1884, 
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Tate,  R.  Notes  on  the  Physical  and  Geological  Features  of  the 
Basin  of  the  Lower  Murray  River.     Svo.     Adelaide,  1884. 

Tavuck^  L,  Ueber  einige  Conchylien  aus  dem  Tanganyika-See  nnd 
deren  fossile  Verwandte.     8vo.     Vienna,  1884. 

Teisseyre,  L.  Der  podolische  Hiigelzug  der  Meodoboren  als  ein 
sannatisohes  Bryozoen-Biff.     8yo.     Yienna,  1884. 

Thome  de  Gamond,  A.  Etude  pour  Favant-projet  d'un  Tunnel 
sous-marin  entre  TAngleterre  et  la  France  reliant  sans  rompre 
diarge  les  ohemins  de  fer  de  ces  deux  pays  par  la  ligne  de  Grisnez 
\  Eastware.    4to.     Paris,  1867.     Purchased, 

.    Account  of  the  Plans  for  a  new  project  of  a  Submarine 

Tunnel  between  England  and  France,  produced  at  the  Uniyersal 
Exhibition  of  1867.  Second  edition.  4to.  London,  1870. 
Pwrchaud. 

ThoTdddser^  T.  Oversigt  over  de  islandske  Yulkaner  Historie.  8vo. 
Copenhagen,  1882. 

TapUy^  W.  Report  upon  the  National  Geological  Surveys  of 
Europe.     Svo.    London,  1884. 

Twda,  F.  Gmndlinien  der  Geologic  des  westlichen  Balkan.  4to. 
Tienna,  1881. 

.    Geologische  Uebersichtskarte  der  Balkan-Halbinsel.     4to. 

Gotba,  1882. 

.     Die  im  Bereiche  der  Balkan-Halbinsel  geologisch  unter- 

Buchten  Bouten.     8vo,    Yienna,  1883. 

.    Materialien  zu  einer  Geologic  der  Balkanhalbinsel.     8vo. 

Fienna,  1883. 

.    Geologische  Untersuchungen  im  centralen  Balkan  und  in 

den  angrenzenden  Gebieten.     8vo.     Yienna,  1884. 

•      Geologische  Untersuchungen  im  westlichen  Theile    des 

Balkan's  und  in  den  angrenzenden  Gebieten.  Svo.  Yienna, 
1875-84. 

.      Ueber  Amphicyon^  Hycemosehus  und  Ehinoceroa  {Acerth 

therhan)  von  Goriach  bei  Turnau  in  Steiermark.     Svo.     Yienna, 

n.d. 
Tryon,  George  W.,  Jun.    Structural  and  Systematic  Conchology  : 

an  Introduction  to  the  Study  of  the  MoUusca.    3  Yols.     8vo. 

Philadelphia,  1882-84.    Pwrchased. 

TtehemyscheWf  T,  Der  permische  Kalkstein  im  Gouvemement 
Kostroma.     Svo.    St.  Petersburg,  1885. 

Tuistig,  J.    See  Dorpat,  Nat.  GeseUsch. 

Tyhr^  A,  New  Points  in  the  History  of  Roman  Britain,  as  illus- 
trated by  Discoveries  at  Warwick  Square,  within  the  City  of 
London.    4to.    London,  1884. 
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United  States.  Geological  Svrtfey.  Monoii^aphs*  ¥ol*  T*  The 
Copper -beariBg  llacka  of  Lake  Superior,  hy  K,  B,  Iiring.  4to. 
Waskingtou,  1883, 

__^,      ,      Tliird   Annual   Report  (1881-'S2).      B07-   8vo. 

Wasbington,  1883. 

.     .      Geology  of  the  Comstock  Lode  and  tke  Wa^skoe 

District,    by   G.  F.  Becker.     4to.     Washington,    1882,     Atlas, 
foL 

.     .     Mineral  Resources  of  the  United  States,  by  Albert 

WilliamSj  Jimr,     8vo.     WashingtoOj  1883* 

,     ;     Atlas  t.0  accompany  the  Monograph  on  th^  Geology 

and  Mining  ludusfcrv'  of  LeadvUle,  Colorado,  by  S,  F,  Emmong, 
Fol.     Wasbington,  18S3. 

Van  deti  Broeek^  E.  Btfponse  aux  critiques  de  M.  0^  Tan  Ertbom 
relatives  aux  donnees  utilitaircfi  de  la  feuille  de  Bilsen  de  la  caite 
geologique  detaillee  de  la  Belgique.     8vo>    BenaLx,  1884, 

Velaitxs^  C,  Lcs  Yolcans,  cc  qu'ils  sont  et  oe  qnils  nous  apprennent. 
8vo,     Parii,  1884, 

Verbeek,  R.  B,  M.  Krakatau.  Partie  1.  8vo*  Batavia,  1885, 
Presented  by  the  Netherlands  GovernmenL 

Victoria.  Gold  Fields.  Reports  of  the  Mining  SurveyoiB  and  Re- 
gistrars. Quarter  ended  31  st  March,  1884,  4to.  Mclhotime, 
1884. 

-^— -     ,    Quarter  ended  30th  June,  1884.    4to.  Mel- 


bourne, 1884. 


Melbourne,  1884. 


.    Quarter  ended  30th  September,  1884*    4to. 


Quarter  ended  Sl&t  Bccember,  1884- 
FresenUd  %  the  Minister  of  Mines. 

4to.     Melbourne,  1884. 


4to. 
Pre- 

VoL 


i 


Melbourne,  1884, 

,     Mineral  Statistics  for  1883. 

UiiUd  bif  (he  Minister  of  Mines, 

.     Patents  and  Patentees.     Indexes  for  the  year  1878. 

xiii,  (by  R.  Gibbs,  Registrar-General).     4to,     Melbourne,  1882. 

.  ' *  Indexes  for  the  year  187S>.  Vol.  siv.  4to.  Mel- 
bourne, 1884. 

.     Report  of  the  Chief  Inspector  of  Mines  to  the  BonourahU 

the   Minister   of  Mines  for  the  year  1883,     4to.     Melbourne 
1884. 

Vine,  G,  iJ,  Reports  L-Y.  of  the  Committee  appointed  for  the 
purpose  of  reportiiig  on  the  Carboniferous  Polyzoa.  8vo»  Lon- 
don, 1880-84, 

-^--,  Notes  on  the  Carboniferous  Polyzoa  of  North  Yorkshire. 
8to.    UedB,  1881. 
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Vhu,0,R.  Notee  on  the  Carboniferous  Polyzoa  of  West  Yorkshire 
and  Derbyshire.    8vo.     Leeds,  1883. 

— .   .     8vo.     Leeds,  1884. 

— .  Notes  on  the  Carboniferous  Entomostraca  and  Eoraminifera 
of  the  North- Yorkshire  Shales.     8vo.     Leeds,  1883. 

— .    .    8vo.    Leeds,  1884. 

— .  Notes  on  Speciee  of  Ascodictyon  and  Ehopalonaria  from  the 
Wenlock  Shal^.     8vo.     London,  1884. 

— ■»  Farther  Notes  on  new  Species  and  other  Yorkshire  Car- 
boniferous Fossil  Polyzoa  described  by  Prof.  John  Phillips.  8vo. 
Leeds,  1884. 

Vm  Eaiky  O.    Mineralogische  Notizen.     8vo.    Bonn,  1886. 

*    Vortrage  und  Mittheilungen.    8vo.     Bonn,  1885. 

Walker,  J.  F.     On  WaldTuimia  Bemardina.    8vo.     York,  1884. 

W&ppeews,  J.  E.  A  geographia  physica  do  Brasil.  8vo.  Bio  de 
Janeiro,  1884.     Presented  hy  0.  A.  Derby,  Esq. 

War  Office.  Army  Medical  Department.  Eeport  for  1882.  VoL 
xxiv.    8vo.     London,  1884. 

Webster's  Royal  Red  Book  for  1885.  Presented  hy  Messrs.  Webster 
and  Larhin. 

Western  Australia.  Report  on  the  Geology  of  the  Kimberley 
District,  W.  A.,  by  E.  T.  Hardman.     4to.     Perth,  1884. 

,    Report  upon  the  Work  carried  out  by  the  joint  Admiralty 

and  Ck>lonial  Marine  Survey  Department  during  the  year  1884, 
eompnsing  also  a  Report  upon  the  capabilities  of  Cambridge  Gulf 
as  a  Port,  with  other  information  regarding  the  N.W.  coast  of 
Australia,  by  Staff-Commander  J.  E.  Cochlan,  R.N.  4to.  Perth, 
1885.    Presented  by  the  Colonial  Government. 

WkeatUy,  H.  B.  A  List  of  English  Indexes.  8vo.  London, 
1879. 

^hitaker.  W.  On  the  Area  of  the  Chalk  as  a  Source  of  Water- 
Supply.     8vo.    London,  1884. 

WiXtiams,  H.  8.  On  the  Fossil  Faunas  of  the  Upper  Devonian 
along  the  meridian  of  76°  30',  from  Tompkins  County,  N.Y.,  to 
Bradford  County,  Pa.     8vo.     Washington,  1884. 

WUson^  E.  The  Lias  Marlstone  of  Leicestershire  as  a  Source  of 
Iron.    8vo.     Birmingham,  1885. 

WUwti,  J.  S.  G.,  and  H.  M.  Gadell.  The  Breadalbane  Mines.  8vo. 
Edinburgh,  1884. 

Wisconsm.  (Descriptive  America.)  FoL  New  York,  1884.  IV*- 
mUed  by  J,  Hobbus,  Esq. 

Wiiehdl,  E.  The  Geology  of  Stroud  and  the  Area  drained  by  the 
Frome.    8vo.     Stroud,  1882. 
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Wbod^  J.  J.     General  Geolagit'al  Sectiou.     (Table,) 

Woodward^  JL  Ob  the  Wing  of  a  Neuropterotis  Insect  from 
AustTiilia;  Fossil  Shells  from  South  Australia;  New  Trilobiteei 
from  South  Australia,     8vo-     Londou,  1884, 

Woodward^  H.  B,  Earthquakes  and  Subsidences  in  Norfolk,  8yo. 
Norwich,  1884. 

.     Life  of  E.  A.  C,  Godwin-Austen.     8vo.     London,  1885. 

Wright^  1\  Monographs  on  British  Fossil  Echinodermata.  [Pab- 
liehed  in  the  Monographs  of  the  PalBQontological  Society,  and 
bound  in  3  yoIs,]     Beqxiest, 

Yearbook  of  Scientific  and  Learned  Societies  of  Great  Britain  and 
Ireland,     First  Annual  Issue,     8to-     London,  1884. 

.     Second  Annual  Issue.     8to.     London,  1885.     Pre^mUd  btj 

Me^^rs,  Qriffin  ^  Co. 

Zifjm,  Baron  A.  de.  Due  nuovi  Pesci  Fossili  della  famiglia  dei 
Balistiui  scoperti  nel  terrene  eocene  del  Veronese,  4to.  Naples, 
1884. 

.     Flora  Possilis  Formationis  OoHthicae.     Vol.  il     Part  iv.  a, 

V.  a.     4to,     Padova,  1885. 

Zittel,  K,  A.  Handbueh  der  Palasontologie,  Band  i.  Abth.  2,  lief.  3. 
8vo,     Munich,  1884.     Purchaitid. 


3.  Mafs  &c. 
The  jiajnts  of  Bofmrs  in  Italics, 
Belgium.     Carte  geologique.     FemUe  de  ModaTe,  Virion,  Ruette, 
Lamorteau,  Landon,  8t.  Trond,  Heers,     Scale  to^(^*    Pre^mitd 
by  the  Mo^al  Musettm  of  Ifatural  Bistory  of  Belgium. 

Canada.  Geological  Survcg.  Map  of  the  Dominion,  geologically 
coloured  from  surveys  made  by  the  Geological  Corps,  1842  to 
1882.     2  sheeta.     Scale  45  miles  =  1  inch. 

England  and  Wales.    Geological  Sumfey,    Sheets  and  quartcr-ahcets. 
Solid,     4S  S.W. ;  51  N,W.,  S.E. ;  m  N,W, ;  dl  N.E. ;  93  N.E* ; 

m  N,E.,  S,E. ;  98  N.W.,  S.W. ;  SJ9  8,E. ;  102  N.K 
Drift.     48  N.W,,  N.E„  B. W, ;  49  N.,  S. ;  50  N.W.,  N.E.,  SM^ 

S.E. ;  51  IS^.W.,  N.E.,  8.E, ;   GO  N,E.,  S.W.,  S,E. ;  67  S.W. ; 

m  N,W.,  8.W\  ;  84  ;  85  ;  91  S.E. ;  93  N.E. ;  94  K.W„  NJB., 

S,W.,  8,E. ;    90  N,W„  K.E,,  S.W,,  S.E,  j    102  N.E. ;    lOB 

S.W,,  S.E.;  104  S.W. 
Horizontal  Sections.     SheeU  122,  123,  125,  128,  130  to  13d 

inclusive. 
Vertical  Sections.     Sheets  68,  69. 

France.  Carte  geologique  detaiHt^  do  la  France.  Fcuilles  15, 
44,  46.  63,  96,  99,  115,  138,  148,  178,  188,  216,  217  ,228,  229, 
Scale  -nTinir*     PureJtased, 
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Norway.    Geologtske  Undersogdse.     Kartbladet  26  b,  26  a,  46  o, 
47d,50o,tVoW. 

Ordnance  Survey  Maps.  Presented  by  the  First  Commissioner  of  Works, 

One-inch  General  Maps. 

England  and  Wales.     Oatline.   New  Series.    Quarter-sheet 

242. 
Ireland.     Hills.    Quarter-sheets  174, 198, 192. 
Scotland.     HiUs.     Sheets  107  and  114. 
.     Outline.    Sheets  50,  59,  68,  78,  80,  88,  90. 

Six-inch  County  Maps. 

Bedfordshire.  Quarter-sheets  7  N.W.,  N.E.,  S.W.,  8.E.; 
8  8.W.;  9  8.W.;  11  NJE.,  S.E.;  12  N.W.,  N.E.;  14 
8.W. ;  17  S.W. ;  18  N.E. ;  19  N.W.,  8.W.;  20  N.W. ;  21 
N.E.,  8.E.;  22  N.E.;  S.W.;  23  N.E.,  8.E.;  24  N.W., 
N.E.,  8.W.;  30N.W.;  32  N.E.,  8.W.,  8.E.;  33  N.W., 
N.E.,  8.W. 

Brecknockshire.  Quarter-sheets  32  N.W. ;  45  N.W.,  N.E., 
8.W.,  8JE. ;  50  N.W.,  N.E. ;  51  N.W. 

Buckinghamshire.    Sheets  28,  29,  30,  35. 

. ^ s 

ComwalL  Quarter-sheets  1  N.E. ;  1  S.W.  and  S.E.  in  one; 
2  N.W.,  8.W.;  3  S.W. ;  4  N.E.,  S.W.;  5  N.E.,  8.W., 
8.E.;  6  N.W.,  S.W.;  7S.E.;  8  S.W.,  SJE.;  10  N.W., 
N.E.,  8.W.,  8.E. ;  11  N.W.,  N.E.,  8.W.,  S.E. ;  12  S.E. ; 
13  Nj;.;  14  S.W.;  16  N.E.,  S.W.,  8.E.;  21  S.E.;  22 
N.E.,  8JE.;  23  8. W.;  29  8.E. 

Derbyshire.     Quarter-sheets  3  NJE. ;   19  8.E. ;   28  N.W., 

N i.,  8.W.,  8.E. ;  29  N.W.,  N.E.,  S.E. ;  30  N.W.,  S.W., 

8.E. ;  33  N.W.,  S.W.,  8.E. ;  34  N.W.,  N.E.,  8.W.,  8.E. ; 

35  N.W.,  N.E.,  8.W.,  S.E.;  38  N.E.,  8.E.;  39  N.W., 

J^.E. ;  40  8.E. ;  43  N.E. ;  45  S.W. ;  57  N.E. ;  6  N.W. 

^_ *      .^ 

and  Leicester.    Quarter-sheets  63  N.E.  &  22  N.E. 


and  Nottinghamshire.  Quarter-sheets  5  S.W.  &  56  S.W., 

26N.E.&i7N.E.;  26  S.E.  &  17  S.E.\  31  N.E.  &  22  N.E., 
31S.W.&228.W.,  31S.E.&22S.E.,  40  N.E.  &  32  N.E. , 
46  S.W.  &  37  S.W.,  51  S.W.  aTiTw. 


and  Staflfordshire.    Quarter-sheets  27  N.W.  &  5  N.W., 


27  N.E.  &  5  N.K.,  27  S.E.  &  5  S.E.,  32  S.E.  &  9  S.E., 
37N.E.&  14N!k,  38  S.W. ifel5s!w?,  5^7 N.W. &41N.W.\ 
57  8.W.&41S.W.,  57S.E.&40S.E.,  59N.E.&47N.e'^ 
69S.W.&47  8.W.i  6^  N.E.  &  53  n!e. 
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Devonsliire.  Quarter- sheete  26  K.E,,S.E. ;  27  Ifl'.W.,  N.E,, 
S.W.,  S.E.;  28  N.E.,  S.W.,  8.E. ;  38  N.E,,  S.E. ;  39 
N.W.,  KE.,  aw.,  S,E. ;  40  S.W. ;  49  N,E.,  B.E. ;  50 
N.W.,  N.E,,  S.W..  S.E, ;  51  KE.,  S.E. ;  57  N.W.,  S.W.; 
61  N.W.,  K,R,  S.E,:  62  N.W.,  N.E.,  8.W,,  8,E,;  63 
KW,,  N.E,,  S.W.,  8,E. ;  74  K,E.,  S.W,,  S,E, ;  75  N3V., 
NX,  S,W.,  S,E.;  76  K,W.,  N.E.;  77  N.W.,  S.E. ;  78 
S.W. ;  83  K.E. ;  87  N.E.,  8.W.,  S.E. ;  88  N.W„  8,\V. ; 
90  N,W,,  N.E.,  S.W. ;  97  N.W.,  N,E,,  S,W. ;  1*8  N.W. ; 
104  N,E„  S.E. ;  105  N.W.,  N.E.,  S.W, ;  106  N.E.  BM., 
S,K;  107  N.W.;  112  N.W„  S.W.;  132  S.W.,  S.E.; 
136  N.W. 

GlamorgansMre.  Sheets  9,  10,  14,  16, 17,  18,  21,  21a,  22^ 
23,  24,  26,  31,  32,  39,  44,  46, 

Gbueestershire.  Quarter- shoots  13  8.W.,  S.E. ;  16  N.E,, 
S.E.;  17  N.W.,  8.W.;  19  l^JW,,  N.K,  8.W.,  S.E.;  20 
K.W.,  aw.;  21  S.E.;  24  8.  W.;  2G  N.W. ;  27  N.W. ; 
30S.E.;  31N,E.;  32  N.W. ;  ;^3  N.E.,  8.W,,  RE.;  34 
N.W. ;  36  N.E.,  S.E. ;  38  N.E.,  KE. ;  39  N.K,  8.E. ; 
41  S.E. ;  42  KW,,  N.K,  S.W.,  KE, ;  43  8,E, ;  44  N.W\, 
S.W. ;  46  N.W,,  N.E,  I  47  N.E..  S.E. ;  48  N.E. ;  49 
N.W.;  50N.E.,8.W,;  52  N.W. ;  56  N.W.,  8.W.;  58 
N.W.  ^ ^ ^^ 

— —  and  Wamnckshire,     Qtiarter-aheets  1  S.E,  &  43  S,E,, 


3  N.E,  &  49  N.E.,  4  8.W,  &  50  8.W.,  12  N.W.  & 55  N.W., 
12  S.E.  &  55  8.E.,i3  N.W,  &  66  N.Wl/lS  N.W.  &  60  N.W.^ 
21  N.W.  &  61  N.W. 


and  WoreeBtcrshire,   Quarter-sheets  3  8.W.  &  43  B,W., 


3  S.E.  &  43  KE.,  6  N.E.  &  49  N  J?..,  6  8,  W.  &  49  S.W,, 

6  S.E.  &  49  S.E?,  8  S.W.  &  51  S.W.,  11  N.E.  &  54  N.E?, 

11  S.W.&54  8.W,,  118Ji:.i54S.E,^.  12  N.E.  &55  N.eJ, 

i2S.W.&658.W.,  i5N,W,&58N.W.,  17 S.e7&  59  S.E.^ 

21N.K&61N.E. 
Herefordshire,     Quarter- sheet  7  S.E» 


and  Shropshire.     Quarter-aheet  7  N.E.  &  82  N.E. 


Hertfordshire.     Sheets  6,  7»  11,  12,  13, 15,  18,  19,  20,  22, 

25,  27,  28,  29,  31, 33,  38, 39.   , - , 

—  and  Bedfordshire.     Sheet  26  and  31. 


and  Shropshire.     Quarter-sheet  7  N.E.  &  82  N.R 


InvemesB  (Isle  of  Eigg).     Sheet  70. 

Leicestershire.  Quarter-sheets  3  N.W,,  8.W.;  7  N.E.» 
8.W.,8.E.;  8S.W.;  lOS.W,;  13N,W.,8.W.;  14  N.W,, 
N.E.,  8.W.,  8.E. ;   1?  N.W.,  S.W.,  S.E;   18  N.E,,  8.W., 
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S.E.;   19  N.E.,  S.W.,  S.E. ;   20  N.E.,  S.W.;   23  N.E.; 
24  N.W.,  N.E.,  S.W.,  S,E. ;   25  N.W.,  N.E.,  8.W.,  8JE. ; 

26  N.W.,  8.W.,  8.E. ;  27  N.W. ;  33  N.W.,  S.W. 

-^ • . 

LeioesteiBhire  and  Derbyshire.   Quarter-eh.  22  S.E.  &  63  8 JE. 

and  Nottinghamshire.  Quarter-sheets  2  S.W.  &  44  8.W., 


2  S.E.  &  44  8.E.,  5  S.E.  &  45  8.E.,  6  N.E.  &  47  N.E., 
6  S.E.  &  47  8.E.,  7  N.W.  &  48  N.W^,  il  8.E.  &  50  8.E., 
i2N.E.&51N.E.,  12S.W.&51S.W.^,  12  8.E.  &  51  8JE., 
i7N.E.&52N.E. 


and  Eutlandshire.     Quarter-sheets  20  S.E.  &  1  8.E., 


21  8.W.  &  2  8.W.,  21  8.E.  &  2  S.E.,  27  N.E.  &  4  N.E., 

27  8.E.  &  4  8.E.,  33  N.E.  &  8  N.E.,  dS  8.E.  &  8  8.E.' 
Lincolnshire  and  Nottinghamshire.    Quarter-sheets  21  N.W., 

8.W.;  69N.W.,N.E. 
Merionethshire.     Quarter-sheets  16  N.W.,  N.E.,  S.E. 
Middlesex.    Sheet  17. 

Monmouthshire  and  Glamorganshire.     Sheets  10  and  6. 

Montgomery.  Sheet  10  N.W.,  S.W.;  15  N.E.,  S.E.;  16 
N.W. ;  43  N.W.,  S.W.,  S.E. ;  44  N.W. ;  49  N.W.,  N.E. 

Norfolk.  Quarter-sheets  22  N.E.,  S.E.;  23  N.W.,  S.W.; 
33  N.E.,  S.E. ;  34  N.W.,  N.E.,  S.W. ;  35  S.E. ;  41  N.W., 
N.E.,  S.E.;  42N.W.,  S.W. ;  45  N.W.,  N.E.,  8.E.;  46 
N.W.,  N.E.,  S.W.,  8.E.;  47  N.W.,  S.W.,  N.E.,  S.E.;  49 
N.W.,S.W.;  50  N.W.,  8.W.,  S.E.;  53  N.E.,  8.E.;  54 
8.W.;  57  8.E.;  58  N.W.,  S.W. ;  59  S.E. ;  60  N.W.. 
NJ:.;  61  N.W.;  65  N.E.,  S.E. ;  66  N.W.;  69N.E.; 
70  N.W.,  S.W. ;  72  N.W.,  N.E.,  S.W.,  S.E. ;  73  8.E. ; 
82  N.W.,  N.E.,  S.W. ;  84  N.E.,  S.W. ;  85  8.E.;  86  8.W., 
8.E.;  88N.E.,S.E.;  89N.W.,8.W.;  91N.E.;  92N.W., 
N.E. ;  95  N.E.;  96  N.E. ;  97  N.W.,  N.E.,  S.E. ;  98  N.W.; 
104  N.W.,  N.E.,  8.E. ;  105  N.W.,  S.W. ;  106  N.W.,  N.E., 
8.W. 

and    Suffolk.       Quarter-sheets  89  S.E.  &  3  8.E., 


91  8.E.  &  5  S.E.,  92  S.W.  &  6  S.W.,  92  S.E.  &  6  S.E., 

93  8.E.  &  7  S.E.;  98  N.E.&8N.E.,  98  S.w".  &  8  S.W^, 

98  8.E.  &  8  8.E.',  99  N.E.  &  9  N.E.,  99  S.W.  &  9  8.W., 

lOON.W.&lON.W.^,  i038.E.&14S.E^,  108N.E.&22  N.E. 

Northamptonshire.    Quarter-sheets  29  N.E.,  8  Jl. ;  30  N.W., 

NJE.,8.W.,  8.E,;   31N.E.,  S.W.,  S.E. ;  32  8.W.,8j:.; 

86  N.W.,  N.E.,  8.W.,  S.E. ;  37  N.W.,  N.E.,  8.W.,  8 JI. ; 
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38  N,W„  X.E.,  aw.,  S.E.  ;  40  K.W.,  N.E.,  S.W.;  43 
N.W.,  N.E.,  S.W,,  8.E.  I  44  X.W.,  N.E.,  S.W. ;  45  8,E>  j 
40K,W,,  ?^.E,,  S.W.,  B.E.;  47  N.W.,  N.E. ;  49  8,K; 
50  N.W,,  N.K,  8.W.,  S.E.  J  51  N.W.,  K,E,,  8,W.,  S.E. ; 
62  N.W.,  N.E.,  8.\V.,  B.E  ;  53  N.W.,  N,E.,  8.W. ;  54 
KW<,  N.K,  8.W.,  S.E. ;  55  K.W.,  N,K,  S.W.,  S.E. ;  56 
N,W. ;  68  I^.  W.,  N.E. ;  59  S.E, ;  62  N.W.,  8.W.,  B.E. 

Kortliamptoustiire&Warwickahiro.  Qu.-sh.  29N,W-&29I^,W., 

m  S.W.  &  298.W.,  35  N.E,  &^^\E.,  35  S,E.  &  35  S  j:], 

42K.E.  &  41  N.e7,  42  8.W.&41S,wJ,  42  S.K  &  41  S^,, 

49N.wr&47K,W„  49N,E.&47N.E^,  49  S,W.&47S.W,, 

02  S.W.  &  0  S.W.,  9I)  N.E.  k  9  N.e] 
Tfl'ottingliamstdre.  Quarter-sheets  1 8  N. W,,  N.E.,  S.W.,  S.E.; 
19  N.W.,  N,E.,  S,W.,  S.E. ;  20  K.W.,  S.W, ;  ^  N.E., 
B,W.,  8.E. ;  24  N.W.,  N.E.,  S.W.,  B.E.  j  25  N.W.,  N.E., 
8,W,,  S.E.:  20  B.W.;  28  N.E,,  S.E. ;  29  N.W.,  N.E., 
S.W.,  S.E, ;  30  N,W„  IS.E,,  S.W.,  S.E. :  31  N.W.,  S.W.; 
33  N.W.,  N.E.;  34  N.W.,  N.E.,  8.W.,  8.E. ;  35  N.W., 
B.W.,  B.E. ;  30  N.W.,  8.W. ;  39'N.E. ;  41  N.E.,  S.E. ; 
44  N.W. ;  47  N.W.,  S.W, ;  50  N.W. 


and  Derby.     Quarter-sliDefc  32  ]S^,W,  &  41  N.W. 
and  Leicester,      Qiiarter-sbGets  41  8,W.  &  32  S.W., 


60  N.E.  &  11  N.K,  50  S.W.  &  11  S.W.,  50  S.E.  &  11  8.E., 
51  N.W.  &  12  N.W^  56N.E.&45N.E, 

and    Lincoln.       Quarter-sheets  28  N.E.  &  68  N.E., 

2i~N^.  &  00  N.E„  21  S,E.  &  09  S.E?,  53  N.W.  &  28  N.W. 
Oxfordshire.     Sheets  21,  20,  30,  31. 

and  Berkshire,     Sheets  37  and  4,  46  and  11. 

—  and  Buckinghamshire.     Sheets  28  and  24,  50  and  45, 

53  and  50. 

and  Wiltshire.     Sheet  30  and  2  a. 


RntlandBhiro.  Quarter-shoet^  3  S. W.,  S.E, ;  5  N.W.,  N  JJ.^ 
S.W.,  S.E.;  6  N.W.,  N,E.,  S.W.,  S,E, 

Shropshire.  Quarter- sheets  1  S.E. ;  4  S.W, ;  5  N.E.,  8.W^ 
S.E. ;  0  S.W.,  S.E. ;  7  S. W.,  S.E, ;  8  N.E.,  S.E. ;  9  N.W.. 
N.E.,  S.W. :  11  N.E.,  S.E. ;  12  N.W.,  S.W. ;  13  N.W.^ 
N.E.,  S.W.,  aE. ;  14  N.W.,  N.E.,  S.W,,  8.E.;  15  N.W., 
N.E.,  8.W.  ;  10N.E.,  S.W.;  17  N.W. ;  18N.E.;  19 
N.E.,  S.W.,  S.E. ;  20  N.W.,  N.E. ;  21  N.W.,  N.E.,  S.W., 
8.E.  J  22  N.W.,  S.W,,  8,E. ;  23  N.W.,  N.E.,  8.W..  S,E,  j 
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24  N.W.,  8.W.,  8.E. ;  25  N.E. ;  26  S.W. ;  27  N.W.,  N.E., 

S.W.,  SJ:.  ;  28  N.W.,  N.E.,  8.E. ;  29  N.W.,  N.E.;  30 

N.E.,  8.W.;  31N.W.,  8.W.;  34  N.E.,  8.W.,  8.E.;  35 

N.W.,  8.W.,  8.E.  ;  36  N.W. ;  40  8.W.  ;  43  8.W.5  49 

N.W.;  73  N.E.;  75  N  J). ;  76  N.E.,  8.W.,  S.E.;  79 

Nj;.,  8.E. 

, • ^ 

Shropshire  and  Herefordshire.  Quarter-sh.  77  N.  W.  &  2  N.  W., 

77  N.E.  &  2  N.E.,  77  8.W.  &  2  8.W.,  78  N.W.  &  3  N.W., 

78  N.E.  &  3  N.E.,  78  8.E.  &  3  8j.,'79  8.W.  &  4  S.W.,^ 
82  N.W.  &  7  N.W./83  N.W."^&  8  N.W.^ 


and  Montgomeryshire.  Quarter-sh.  53  S.E.  &  37  8.  E., 

eTNi.  &  44  N.e761  8.W.  &  44  8.W.,  61  8.E.  &  44  8.E;, 

68N.W.  &49N.W.' 

Somersetshire.  Quarter- sheets  1 8.E. ;  2  N.W.,  N.E.,  8.W., 
8.E. ;  3  8.W. ;  4  N.W.,  N.E.,  8.W.,  8.E. ;  5  N.W.,  N.E., 
8.W.,  8.E.;  6  N.W.,  N.E.,  S.W.,  8.E.;  7  N.W.,  N.E., 
8.W.,8.E.;  8N.W.,8.W.,  8.E.;  10  N.W.,  N.E.,  S.W., 
Sj;. ;  11  N.W.,  N.E.,  8.W.,  S.E. ;  12  N.W.,  N.E.,  8.W., 
8.E.;  13N.W.,N.E.,8.W.,8.E.;  14N.E.,8.E.;  16N.W., 
8.W.,  8.E. ;  17  N.W.,  8.E. ;  18  N.W.,  N.E.,  8.W.,  8.E. ; 
19  N.W.,  N.E.,  8.W.,  8.E. ;  20  N.W.,  8.W. ;  21  N.W., 
N.E.,  8.W.,  8.E. ;  24  N.E.,  8.E. ;  25  N.W.,  N  j:.,  8.E. ; 
26  N.W.,  N.E.,  S.E. ;  27  N.W.,  N.E.,  8.W.,  8.E. ;  28 
N.W.,  N.E. ;  29  N.E.,  8.E. ;  30  N.W.,  N.E. ;  31  N.W.; 
42  N.E.,  SJE. 

Staffordshire.  Quarter-sheets  2  8.W. ;  3  S.W. ;  7  N.E. ; 
8  N.W,;  10  N.W. ;  128.E.;  15  8.E.;  318.E.;  32N.W., 
8.W. ;  38  8.E. ;  39  N.W. ;  40  N.W.,  S.W. ;  43  N.E., 
S.W.,  S.E. ;  44  S.W. ;  45  N.W. ;  46  N.W.,  N.E.,  8.W., 
8.E.;  47  N.W. ;  49  N.W.,  N.E.,  S.W. ;  50  NJ).,  8.W., 
8.E.;  56N.E.;  59  S.W. ;  61  N.W.,  N.E.,  8.W.,  8.E. ; 
66  N.W.,  N.E. ;  68  N.E.,  8.W.,  8.E. ;  70a  8.E. 

' * ^ 

and  Derbyshire.     Quarter-sheet  14  8.E.  &  37  8.E. 


and  Warwickshire.     Quarter-sheets  59  S.E.  &  2  8.E., 

64  N.W.  &  4  N.W.i  64  N.E.  &  4  N.E^.,  64  S.W.  &  4  S.W^, 

65  N.W.  &  5  N.W.,'  65  N.E.  &  5  N.E.',  69  N.W.  &  8  N.W.7 

71  S.W.  &'6^.W\,  73  N.E.  &  7  N.E.,'  74  S.W.  &  8  8^. 
Suffolk.  Quarter-sheets  10  S.E. ;  17  N.E. ;  22  SJI. ;  23 
N.W.,  8.E.;  27  N.W.;  32  N.E.,  S.E.;  33  N.W.,  8.E. ; 
34  S.E. ;  38  N.W.,  S.W.,  S.E. ;  39  N.E.,  S.E. ;  40  N.W., 
S.W. ;  43  NJE. ;  44  N.W.,  S.W.,  S.E. ;  45  N.W.,  N.E., 
S.W.,  8.E. ;  47  N.W.,  N.E.,  S.W.,  8 JI. ;  48  N.W.,  N.E., 
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aw.,  aE,;  49N.W.;  50  N.W.,  B.E. :  51  N.W.;  53 
KE.,  S.E. ;  54  XE.,  aw.,  aE. ;  55  N.W^.,  N.K,  S.W., 
8.E.;  56  aw.,  BM.;  57  N.W.,  N.E.,  S.W.,  aE.;  58 
N,W„  N.E.,  S.W.,  S,E.;  59  KE.,  aW,,  aE. ;  60  aW.; 
63  N.W,,  N,K,  S,\V.,  aE.  ;  64  N.W,,  N.E.,  S.W.,  8JE. ; 
65  J^.W.,  N,E,,  S.W.;  66  N.W.,  N.E. ;  69  N.W,;  70 
S.W. ;  74  aw.;  75  N.W,,  N.E.,  aE. ;  76  N.W.,  N.E.; 
82K.W„]N.E.;  85K,W. 

^ A < 

Suflblk  and  Cambridgeshire,  Quarter-sh.  31  If  .E.  &  36  N.E^ 

31  a WT,  &  36  aw.,  STaE.  &  36  S^,  32S.W7^37S.W., 

42  N,E.  &  42  N^,,  42  aK  &  42  aE. 

— = — * -^^ 

— —    and    Koifolk.       Quarter-sheets  2  N.W.  &  78  N,W„ 


4  S.W.  &  90  aw\,  7  aw.  &  93  aw,,  9  aE.  &  99  aE., 


10  S.W.  &  100  aw.,  17  N.W\  &  107  N.W. 
Warwickshire,      Qufirter-sheets    17  N.W.;    50   S.W. ;  57 

aw. 


&  W^orcestcrshire.  Quarter-sheets  24  N.W.  •S:  31  N,W., 


30  N.E.  &  23  N.E.,  30  S.E.  &  23  8.E.,  36  N.E.  &  30  N.E,, 

36  RE.  &  30  S.E.,  42  N.E.  &  35  N.e"  4S  K.E,  &  42  N.E. 
WorceaterBhire,  Qnart^^r-^heets  8  S.E. ;  9  N.E.,  S.W.,  aE.; 
10  N.W.,  K.E.,  aE, ;  12  N.E.,  aW„  aE. ;  13  KW., 
N-E.,  aw.,  B.E. ;  15  B.E. ;  16  S.W. ;  IS  JSr.E.,  S.E.;  19 
N.W.,  N.E.,  S.W.,  aE. ;  20  N,W.,  N.E.,  a\\  .,  aE. ;  21 
N.W..  8.W.,  S.E,;  22K.E.,  S.W.,  aE. ;  23K.W.,  aW.; 
25  K.E. ;  26  N.W^,  N.E. ;  27  N,E.,  aW.,  8.E,;  28  N.W,, 
KE.,  aw.;  29  N.W.,  N.K, 8.W.,  S.K  ;  130  N.W.,  8.W.; 

31  aE. ;  32  K.W.,  N.E.,  aW.,  aE. ;  33  N.W.,  8.W. ; 
34  N.W.,  N.E.,  aw.,  SX;  35  aW^ ;  38N.E.;  39 
N.W.;  40  N.W.,  N,E.,  aE.;  41  N.W.,  N.E.,  aW.. 
aE, :  42  aw. ;  48  N.E. 


and  Glottceeter.      Quarter-iheeta  48  S.W.  &  5  S.W\, 


46  8.E.  &  5  aE.,  49  N.W\  &  6  N.W^,  50  N.W.  &  7  N.W., 


50  N,E.  &  7  N,E.,  60  aW.  &  7  aW.,  50  aE.  &  7  8.R, 

Quarter-aheeta 


54  N.E.  &  11  N,E. 
— ,  Warmckshire,  and  Gloucestershire, 


43  N.W .,  49  N.W.,  &  3  N.W. ;  44  N.E.,  50  N.E.,  &  4  N.E. 

Paris.     Depot  de  2a  Marini,     15  8heeta  of  Charts  and  Flans  of 
yarious  Coasts,  &c. 

Eussia.     Geological  Cwnmittet,    Sheet  71.     yjoVoo* 
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Roasia.  Geological  Committee.  Geologische  Earte  des  Ostabhanges 
des  UralBy  von  A.  Earpinsky,  in  3  sheets,     ^^o^qq. 

Saxonj.  Oeologiselie  Landesuntersuehung  des  Konigreichs  8aehsm. 
OeologiBche  Spedalkarte.  Blatt  Mutzschen,  29  ;  Eirohberg,  125 ; 
ZoUitz,  129 ;   Schwarzenberg,  137 ;   Eibenstock,  145 ;   Wieeen- 

Sweden,     Geologiaira  Under soJcning.     Ser.  A.  a,  88,  91.     ^^^(^^* 

.    .    SerA.  6, 10.     j^^^. 

.    .     Karta  ofrerberggronden  inom  norra  delen  af  Ealmar 

Ian  ntford  p&  bekostnad  af  Ismets  norra  Hashallnings  Sallskap. 

200  00  0* 

.    .    Geologiak    OfversigtBkarta  ofver  Srerige.      Sodra 


Switierland.     Oeologieal  Commission.    Sheet  18.     xinAr 
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Specimens  illustrating  the  paper  on  the  Serpentine  of  ForthaUa 
Cove,  in  Q.  J.  G.  S.  voL  xL  p.  458.  Presented  by  J.  H.  CoUinSy 
Esq.,  F.GJ3. 

Two  sHdes  with  Cretaceous  lichenoporidsB,  illustrating  the  paper  in 
Q.  J.  G.  S.  vol.  xl.  p.  850.     Presented  by  G.  R.  Vine,  Esq. 

Casts  of  Footprints  in  the  Lower  New  Bed  Sandstone  of  Penrith, 
illuBtrating  the  paper  in  Q.  J.  G.  S,  vol.  xL  p.  479.  PresemUd  by 
G.  V.  Smith,  Esq.,  F.GJ3. 

Specimens  illustrating  Mr.  A.  W.  Waters's  paper  on  Chilostomatous 
Bryozoa  from  Muddy  Creek,  Victoria  (Q.  J.  G.  S.  vol.  zzzix. 
p.  423).    Presented  by  J.  B.  Wilson,  Esq.,  of  Geelong. 

A  specimen  of  Fulgurite  from  Mont  Blano,  illustrating  the  paper  in 
a  J.  6.  S.  vol.  xli.  p.  152.     Presented  by  F.  Butley,  Esq.,  F.G.8. 
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Ten  Sandwom  Stones  from  Hokitika,  Kew  Zealand. 
W,  B.  CampheU,  Esq.,  RG.S, 


PrtsmUd  hn 


Six  Blidcsa  of  CH^lostomatous  Brj'ozoa  from  Muddy  Creek^  Soutk 
Australia,  illnBtratiug'  the  paper  in  Q.  J,  G,  8.  voL  xl,  p.  674. 
Presmtidb^  J.  B.  WiUm,  Esq.,  FM.S. 
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THE  GEOLOGICAL  SOCIETY  OF  LONDON. 

Vol.  XLL 


I.  On  the  MAMMALiAir  Fau^a  of  the  Yal  d'Abno.     By  Dr.  G.  J. 
F0B8TTH  Major.    (Bead  June  25, 1884.) 
[Oommunioafted  by  Prof.  W.  Boyd  Dawkins,  F.B.a,  F.G.S.] 

OOHTBNTB. 

1.  Introdaotory.    The  Fauna  of  the  Yal  d'Amo. 

2.  Belation  to  Older  Faunas. 

3.  The  Sftiore-deposits  of  the  Pliocene  Sea  in  Italy  contain  the  same 
Mammalian  Fauna  aa  the  Lacuatrine  deposits  of  the  Val  d'Amo. 

i4.  Belations  to  the  Pleistocene  Fauna. 
5.  BelationB  to  Living  Forms. 
6.  Conclusion. 
7.  Note  by  Prof.  Boyd  Dawkins. 

§  1.  Introductory.     The  Fauna  of  the  Val  d^Amo. 

Iv  the  following  essay  on  the  fossil  mammalia  of  the  Yal  d'Amo  1 
liaTe  subjected  the  list  of  species  to  a  critical  examination  and 
bfooght  it  down  to  the  knowledge  of  to-day.  It  will  be  seen  from 
tbe  following  lists  that  I  have  been  able  to  add  a  considerable  number 
of  species  to  those  known  in  former  years. 


L  1872*. 
liacaeiii  fbrentinus,  CooehL 
yelis,2ip. 
(kniijip. 
l^noi  etrasous,  Cm, 

Dr^MDoaon  (Madiairodus),  2  sp. 
I^uiiB  foisiliB,  Rvtiim.  ^on  Ouin), 
S^tpopotamoB  major,  Vwv, 
MaskoooD  arTemenmSy  Or,  et  Job. 
SIsphas  meridionalis,  Netti, 
— >  tntiqans,  Fale. 


L  1872. 
Bhinoceros  etrusous,  Faio. 

hemitoBohus,  Falo, 

leptorhinus,  Cuv* 

Sub,  sp. 

Bos  etrusous,  Fale, 
Oeryus  dioranios,  NesH, 
-— ,2bp. 
Castor,  n.  sp. 
Tapirus,  sp. 
Antilope,  sp. 
Lagomys,  sp. 


*  Foi^lh  Mijor,  in  Antonio  Stoppani,  'Corso  di  Geologia,'  ii.  p.  673. 
a  J.  G.  8.  No.  161.  B 
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II,  1874  ». 
MficaGUft  florentinus,  Coccki,  sp. 
^ —  aufioniufl,  n.  ip. 
Felis,  3  Kp. 
Catiie,  2  ap. 

Mustek,  »p. 

Hjacna  Perritvri,  C>.  et  Ji?6.  (H.  brefri- 
robtris,  At/iiu  ?). 

ftrtemeiiiis,  €r,  et  Jbft. 

Mocfaoirodus.  3  sp. 

£quuB  SteooniB,  Cocchi, 

HippoputojDus  majur^  Cuv^ 

Ma8l(:>doQ  arvernenais,  €r.  el  Job, 

Elephag  uierkliutialiB,  iV^fs^t- 

Rhinoccros  otraficuB,  FqIc, 

But  Btroxxii,  Ment^h.  id  Obll 

Bofl  etniscufl,  Falc* 

Cerrus  dicraiiios.  Ne^H. 

— — -  ctenoideSp  NPn^fi, 

— ^,  2  vp. 

Castor  pfidden^  n.  sp, 

HjBtrLx,  ap. 

LepuA,  fip, 

III.  lB7t5  t. 
MucttouB  floreatiiiua,  Coechi,  sp. 
— —  ausoiuiiB,  Mq/or. 
Felis,  3  sp. 
Oani«  etruBCuai,  Mtmr, 

Fulooneri,  Major, 

Uraus  etruacas.  Cui^. 

Mufitelo,  sp. 

Hjasna  Perrieri,  Cr.  et  JoA.  (H.  breTi- 

rcwtHH,  Atfin^ ?). 
Hjffina  iirveruonais,  €V,  et  JIjA. 
MAobairodtLB,  ap. 
Fqtiua  SteDOnii,  Cocchi. 
IlippotamuB  msjor,  Cutt. 
Mastodon  arTernensis,  Cr,  et  Jbd* 
Blephoa  meridifmalifl,  Netti. 
Ehinoceros  etraacuft,  Fa/c, 
Sua  Stroszii,  Mmeffh, 
Bam  etrujieiLa,  i^ofe, 
Cerruft  dici^nioft,  Nedi, 

cbenoide»,  NeiH, 

',  2  »p. 

CnsioT  plicidens,  Major, 

Eo«iDa3,  Mcjor, 

Hyatruc,  »p. 
Lepiu,  sp. 


IT,  1883. 

1.  Macacua  fioi^alimia,  CbceAi,  ap. 

2.  — —  flaaoniiia,  Major, 

3.  Felis  iaaiodorfDsiBy  Cr.  et  Joh, 

4.  -^^  arTerneufti*,  O,  et  t/o^. 

5.  ,  sp* 

6*  Oiinid  etTUficus,  Mqjar. 
7.  —  Falconcri,  Major, 
a  — -,  »p. 
9.  Uraus  eiruacua,  (^, 

10.  Muflteln,  ap. 

11.  Hyania,  ap.  (MontopoH). 

12.  Hyffiim  Perneri,  Vr,  et  JW.  (H. 
breviroatria.  A%fm.  ?). 

13.  HjFJBna  t&r^eruetifitd^  Cr,  et  </b6. 

14.  Machnirodui    megtuithereon,    Cr. 

et  Jo^. 

15.  Miichiiirodua  cultHdcua,  Oftwi. 

16.  — ,  ap, 

17.  EquQS,  «p. 

IS.  — —   BifalcDsis.    Falc.    e    Camii, 
(E.  St&uonip.  Cotichi), 

19.  Mastodon  Borsoni,  Hai/s, 

20.  — < —  arTCniensia,  CV.  ©t  t/o&. 

21.  Elepliafi  meridiomdia,  Nevii, 
*M.  Tapi  nia  Qrvt-nienjitt,  CV.  ©t  M, 
2!^.  Bhrnocerm  viniBcuBf  Falc^ 

24.  Hippopotamus  major^  Cuv. 

25.  Sub  gignnt^us,  Fa^f.  (Sua  Stit>iiu, 
MeneahJ), 

26.  Bos  (BiWa)  etruiicua,  Fale, 

27.  Leptolxw  Strojrai,  Eittim, 

28.  Cemis  dicrauioa,  ffetH.  (C.  Sedf- 
wickii,  Falc.}, 

29.  Oerv^s  ctenoidea,  JVds^i. 
3<>.  .  Hp, 

31.  Perrieri,  Cr.  et  Ji^. 

32.  etueriftrnin,  Cr,  et  JbA,  {1^ 

33.  raloHiijxMcueghmiu/fii/uw.  (Oli- 

vola). 

34.  PuLt^iireas  montia  oaroli,  Major, 

35.  CaatoF  KosiiuB,  Major, 

36. plicidens,  M<^for^ 

37.  Ilyatni,  ep, 

38.  Lepu«,  Bp, 

39.  AfTJi^ola,  Hp. 


^  Forsjth Mjiuor,  *'  Gonsddenuiotii  aalla  Fauna  dei  Hommifm  pliooonict  ?  poet^ 
plioopuici  delia  Tofteana  '*  (Atti  Scm3.  Toac.  di  Sci.  oat.  in  Pb»),ToL  i,,pp,  3S>,  40. 

t  0.  J.  Forsyth  Major,  "  Sul  IivgUo  geologieo  a  tmi  ^  d*  aacriverai  il  ooel  deUo 
cranio  dell'  Olmo  "  (ArcMTio  per  TAntropoL  e  la  Etnoi  to1»  tI,  1876,  p.  S4&). 
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§  2.  Belatian  to  the  Older  Fawnas. 

On  the  boundary-line  between  the  Miocene  and  Pliocene  wo  find 
in  southern  Europe,  and  especiaUy  in  the  region  of  the  Mediterranean, 
and  also  as  far  to  the  east  as  the  Siwalik  mountains  of  India,  a 
richly  developed  fauna  in  which  the  Hipparion  is  the  most  widely 
spread  and  important  representative.  This  fauna  is  met  with  at 
Pikermi  in  Attica,  at  Concud,  and  at  Alcoy  in  Spain,  at  Oran  and 
Constantino  in  Algeria,  at  Montpellier  and  Mont  Leberon  (Cucuron) 
in  France,  at  Casino  near  Siena,  in  Italy,  at  Eppelsheim  in  Germany, 
as  well  as  in  Austria-Hungary,  the  Balkan  peninsula,  and  in  Asia 
Minor.  Not  one  of  the  members  of  the  fauna  discovered  in  these 
localities  occurs  in  the  somewhat  younger  fauna  of  the  Val  d'Amo. 
Yarions  relations  are  certainly  to  be  pointed  out.  The  two  Pliocene 
Antelopes,  Pdlatoryx  Meneghinii,  Eiit.,  from  Olivola  in  the  valley 
of  the  Magra,  and  Palceoreas  montis  caroli,  in  the  valley  of  the 
Amo,  are  closely  allied  to  species  of  the  same  genera  found  in 
Pikennl  The  same  intimate  relation  exists  between  the  Machairodits 
of  Pikermi  and  those  of  the  Val  d'Amo.  The  Mastodon  Borsoni 
from  Asti  and  the  upper  valley  of  the  Amo  is  so  closely  allied  to 
the  Moitodon  tapirotdes^  of  Winterthur,  (Eningen,  and  Pikermi, 
that  both  forms  are  frequently  mistaken  one  for  the  other ;  and  in 
the  same  way  the  Pliocene  M.  arvernensis  is  closely  allied  to 
M,  longirostris.  The  relation  of  Equus  Stenonis  to  Hipparion  has 
been  dealt  with  in  my  treatise  on  the  fossil  horses  of  Italy. 

The  mammedian  fauna  of  Montpellier,  as  we  know  it  from 
Gervais^s  works  (and  which  accordmg  to  his  final  assertions  also 
contains  Hipparion),  shows  us  a  mixture  of  both  faunas,  and  not  ono 
of  transitional  forms,  but  containing  species  identical  with  those  of 
the  Val  d'Amo  and  others  identical  with  those  from  Casino. 

rnfortunately  the  suspicion  is  not  to  be  put  aside  that  this  mix- 
ture only  took  place  in  the  Museum ;  so  that  we  cannot  draw  any 
conclusions  from  this  case  until  the  circumstances  are  satisfactorily 
cleared  up. 

The  Val-d'Amo  fauna  too  was  spread  as  far  as  India,  and  we 
find  its  representatives  in  the  Siwaliks.  Equus  sivahnsis,  Falc. 
and  Cautl.,  seems  to  me  identical  with  E,  Stenonis,  Cocchi,  from 
the  Amo  VaUey;  the  gigantic  wild  boar  from  the  Siwaliks, 
Sua  giganUus,  Falc,  is  probably  identical  with  S.  Strozzii,  Menegh., 
from  the  upper  valley  of  the  Amo.  So  also,  according  to  Eiitimeycr's 
researches,  the  Siwalik  oxen  show  a  great  similarity  to  those  of 
Uie  Yal  d* Amo.  Lydekker  distinguishes  in  the  Siwaliks  Mio-pliocene 
strata  {Hipparion  &c.),  so  that  it  must  be  said  that  this  distinction 
is  based  on  local  stratigraphical  circumstances,  and  not  merely 
adopted  by  analogy  with  those  in  Europe. 

§  3.  Tlu  Shore-deposits  of  the  Pliocene  Sea  in  Italy  contain  the  same 
Mammedian  Fauna  as  the  Lacustrine  deposits  of  Oie  Val  d^Amo. 

We  every  now  and  then  come  across  the  assertion  that  the  marine 
FEocenes  of  Italy  are  older  than  the  lacustrine  strata  of  the  Arno 

Digitized  by  LjOOQ IC 


BE.  C.  J,  KIBSTTH  MAJOR  ON  THE 


Valley-  In  the  sihoro-depoBita  of  the  Fliacene  sea,  in  the  Lower 
Arao  Valley,  and  in  other  parta  of  Tuscany  and  central  Italy,  land 
mammals  are  not  unfreqiiently  found  and  have  been  recorded  by  the 
Daturalists  of  the  last  two  hundred  years ;  but  their  age  could  not  b© 
determined  without  the  syfttematic  explorations  of  modem  times.  At 
present  no  doubt  can  exist.  The  littoral  marine  Pliocene  strata  do 
contain  a  mammalian  fauna  which  is  identical  with  that  of  the 
tipper  valley  of  the  Amo ;  a  study  of  the  fossils  contained  in  the 
Tuscan  museuma,  and  of  the  excavations  carried  on  by  me  at 
Montopoli  (in  the  marine  Pliocene  between  Pisa  and  Florence),  havo 
placed  this  beyond  any  doubt. 

§  4,  Ii^iatiO}i3  to  the  Pleistocene  Fauna. 

In  the  Postpliocene  (Pleistocene)  we  find  various  connecting  links 
with  the  Pliocene  fauna,  although*  at  least  in  Italy,  not  a  single  species 
of  the  older  fauna  seems  to  have  gone  over,  as  Btich,  to  the  younger 
fauna.  "VVhi^jt  the  greater  number  of  the  Pleistocene  (Quatemarv^) 
mammalia  are  distinct  from  those  of  the  Pliocene,  that  part  of  the 
Pleistocene  fauna  which  is  often  designated  as  the  African  division 
of  the  same,  appears  more  nearly  alhed  to  it.  This  division  should 
perhaps  more  correctly  be  called  the  old  indigenous. 

First  of  all,  the  Hyscnas  and  Felines^  Htjfnm  Perriert  and 
Ilif(^na  arvenunsis  from  the  lacustrine  Pliocene  of  Auvergne  and 
of  the  Amo  Valley,  stand  so  close  to  the  Fleistocene  Hysenas, 
H.  croctita  (spef'^a)  and  //.  2>Hisc«,  that  they  may  be  consider^  their 
ancestors ;  and  the  same  results  will  probably  be  obtained  ^m  a 
careful  comparison  of  the  various  Pliocene  and  Pleistooene 
(Quaternary)  kinds  of  Fdis. 

The  lihir^oeeros  tintsvtts,  Falc.,  of  the  Arno  Valle}^  more  cloeely 
reseniblea  the  Postpliocene  B.  Jiemifa;cJut$^  Fnlc.  {M.  Mtrrhii,  pro 
pnrtt\  than  E.  iicharhimts^  although  a  study  of  tho  remains  of 
the  two  first-mentioned  forms  fotmd  in  Italy  does  not  justify  the 
assumption  of  some  authors  on  the  other  side  of  the  Alps  that 
they  are  idtmtical  species.  With  Bome  practice  it  is  always  possible 
to  distinguish  even  isolated  teeth  of  the  upper  jaw  of  the  two  fonnB. 
We  often  find  Mhinoefros  Iqitorhkms  citcfl  as  a  Quaternary  fossil ; 
for  example,  CharlcB  Mayer  cites  li.  I^torhinns,  together  with  Ele~ 
pJias  merkikmalis  and  Ilippf^wtawits  ^najor^  as  prototjT>es  of  the 
Postpliocene  fauna,  or,  more  accurately,  the  fauna  of  the  *'  Oouebee 
de  Cromer/'  the  lowest  stage  of  his  Baharian  zone.  In  this  he 
groups  together  the  follomiig  strata: — Forest-bed  of  Cromer,  sands 
of  St.  Prest,  and  other  French  localities,  lower  moraines  and 
lacustrine  chalk  (8eeKreide)  of  Utznacb,  Piirnten,  and  Wetzikon  in 
Bwitzerland,  and  the  sandy  freshwater  marlt«  nnd  ferruginous  gravels 
of  the  region  of  Aati  aiKl  "  Sansino  "  of  the  Arno  Valley, 

As  regards  the  term  Bhino€^rt>s  l^torhinvft,  it  has  no  value  what- 
ever as  a  proof  of  the  synchronism  of  the  above-named  strata,  as 
several  distinct  species  of  Rhirwceros  have  received  this  name ; 
in  tho  Forest-bed  we  have  to  do  with  E.  Jicmito'chm^  Falc,  in  the 
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district  of  Fiaoenza  with  the  typical  B.  leptorhinus,  Cnv.  (pro  parte), 
in  the  district  of  Asti  and  the  Upper  Val  d'Amo  with  E.  etruscus. 

In  the  same  way  the  name  Hippopotamus  major  has  caused  con- 
fiision.  The  Postpliooene  remains  of  Hippopotamus  are  pretty 
generally  assumed  to  he  the  same  as  those  of  the  Hippopotamus  of 
the  Amo  Valley,  although  such  a  union  is  not  the  result  of  recent 
comparisons,  but  a  survival  of  Cuvier's  view  of  the  matter,  who  did 
not  distinguish  Pliocene  and  Postpliocene  strata,  but  grouped  them 
together  under  the  name  of  ^'  couches  meubles,''  and  who  accordingly 
was  predisposed  to  regard  these  fossils  as  identical.  The  species 
H.  major  was  founded  on  the  perfect  skull  from  the  Amo  Valley, 
preserved  in  the  Florentine  Museum,  and  described  by  Cuvier  and 
Neeti;  and  Cuvier  pointed  out  the  difference  between  it  and  the 
living  i^.  amphibius.  Under  the  same  name  he  also  cited  remains  of 
Hippopotamus  from  caves  &c.,  although  they  were  not  so  perfect  as 
to  justify  such  a  decided  statement.  So  long,  then,  as  the  remains  of 
the  Hippopotamus  from  caves  and  from  other  Postpliocene  deposits 
are  not  proved  to  be  identical  with  those  of  the  Amo  VaUey,  it 
seems  unjust  to  designate  the  former  as  H,  major. 

In  many  cases,  where  Elephas  meridionalis  is  cited  from  Post- 
pKocene  strata,  there  is  a  great  probability  of  its  being  a  variety 
d  E.  antiijuus.  The  latter  does  not  appear  in  the  Upper  Arno  Valley, 
bnt  it  occurs  together  with  other  Postpliocene  mammals  in  the 
neighbouring  Val  d'Ambra  (near  Bucine)  and  in  the  region  of  Arezzo. 

In  respect  to  the  lignite  of  Leffe,  in  Lombardy,  the  greatest 
care  should  be  taken  respecting  conclusions  as  to  the  age  of  the 
mammals;  because  in  one  Italian  museum  fossils  are  labelled  in 
the  most  careless  way,  as  coming  from  Lefife,  while  distinctly 
showing  that  they  are  partly  Miocene  and  partly  Eocene.  Elephas 
meridionalis  and  Bos  etruscus  are  the  only  mammals  which  I  know 
with  certainty  as  coming  from  Leffe. 

§  5.  Relations  to  Living  Forms, 

Among  the  thirty-nine  mammals  of  the  Val  d'Amo  which  I 
mention^  at  the  beginning  of  this  essay,  we  find  at  present  five 
genera  which  are  extinct : — Machairodus,  Mastodon.  Leptohos^ 
Pakeoryx,  Paloeoreas,  Not  a  single  species  is  identical  with  those 
HTing  tonday.  Notwithstanding  this,  we  find  among  the  mammals 
of  the  Amo  Valley  transitional  forms  towards  those  of  Pleistocene 
times. 

The  former,  however,  show  still  nearer  relationships  to  some 
livmg  faunas  than  to  f^ose  of  our  Pleistocene.  In  dealing  with 
this  question  the  Pal^acctic,  Nearctic,  Neotropical,  and  Australian 
regkms  cannot  be  considered,  as  there  exist  too  few  analogies  for 
the  purpose,  and  only  the  Ethiopian  and  the  Oriental  region  remain 
open  for  our  inquiry.  Hippopotamus  is,  amongst  our  Pliocene 
genera,  the  only  one  in  the  present  day  exclusivdy  indigenous  to 
the  Ethiopian  region ;  and  on  the  other  hand  the  genus  Tapirus^ 
known  in  the  Oriental  region,  is  missing  in  the  Ethiopian.  Two 
other  genera,  Castor  and  Arvi^la^  are  represented  in  the  PaJffiarctic 
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and  Nearctic  regions,  btit^  so  far  as  we  know,  are  missing  at  prGsent 
ia  the  Etbiopian  and  Oriental  regions.  All  the  other  Pliocen© 
genera  now  Imng  are  inrligenons  to  the  Ethiopian  as  Treiras  the 
On  entail  region ;  but,  if  we  inspect  the  speciefl  more  clost^ly,  we 
find  ^ory  few  allied  to  African  forms,  but  on  the  contrary  their 
analogies  point  towards  the  Oriental  region. 

Pliocene  mamraals  arc  to  be  fonnd  at  the  present  time,  but  little 
altered,  in  the  moj^t  southern  comer  of  Asia,  and  especially  in  the 
Sunda  Islands ;  and  there  not  only  exists  a  general  agreement 
between  the  two  groups,  but  also  reaemblanees  Riiignlarly  special. 
The  peculiar  Buffalo- Antelope  of  Celehes  (Anm  fIei>rrmiconiU).  as 
Riitimeyer  has  pointed  out,  ie  Imt  littlo  changed  io  form  from  its 
fossil  roprefientatiTe  in  the  Siwalik  deposits  ;  "  with  but  little 
perceptible  increaBc  of  height  and  weaker  weapons,  it  repeat^s  the 
physiognomy  of  the  Hiwabk  Heimbos,  even  to  the  details  of  the 
foramina  for  vessels  and  nervea'^*. 

Bog  etriisefis,  according  to  the  same  author's  investigations,  is  a 
real  Bihos,  and  with  a  few  Siwalik  forms  is  eloaely  olliod  to  the 
Banting  now  living  in  Java. 

The  majority  of  Pliocene  Stags  (Otrtmg  PerHeri,  C,  pardm4>nm$f 
C.  eiiteriarumf  C.  Nestii^  &e,)  belong  to  the  group  of  the  A^ti^  and 
Eimi,  which  now  live  in  Malacca  and  chiefly  in  the  large  Suiada 
Islands. 

Amongst,  all  the  living  wild  Boars,  Sns  wrmcostis  from  Java 
(with  S.  c^JSensi»)  shows  the  greatest  resemblance  to  the  Pliocene 
Snx  giganttuM  {S,  Sirozzh\  wMle  Sus  vitiaUts,  indigenous  to  the 
Oriental  region,  is  not  so  closely  allied  to  it.  The  Tapirs  and 
Rhinoceroses  complete  the  manifestation  of  the  great  accordance 
between  the  Pliocene  mammals  and  those  still  living  in  aonth- 
castern  Asia, 

This  fact  is  all  the  more  surprising,  because  the  above-mentioned 
islauda  are  situated  in  the  tropics,  whilst,  chiefly  from  palflcophyto- 
logical  reasons,  we  are  led  to  infer  a  warm  climate,  but  in  no  way 
a  tropical  cHmate,  for  our  Pliocenes. 

But  I  refrain  from  drawing  conclusions  as  to  the  Pliocene 
climate  from  the  comjiarieoii  of  the  Indo-Malayan  fauna  with  that 
of  our  Pliocenes,  and  for  the  following  reasons :- — 

The  facts  of  zoologicol  distribution  teach  us  that  the  agreement 
in  climal  e  and  in  general  conditions  of  life  in  two  regions  isolated 
from  each  other  does  not  imply  an  identity  of  faunas.  In  proof  of 
this,  Wallace  baa  brought  eiamploe  from  various  parts  of  the  worldt. 
There  are,  however,  extraordinari'  facts  lying  much  nearer  to  ns. 
Corsica  is  not  many  miles  distant  from  Italy,  and  the  isolation  oi 
the  two  is  diminished  by  the  islands  in  the  Tuscan  Archii3elago, 
The  Corsican  climate  is  similar  to  that  in  the  region  of  the  Tuscan 
coast,  and,  notwithstanding  this,  Corsica  shows  in  her  mammala, 

*  L.  Riitimeyer,  "  Beitriige  zu  eini^r  pihvonio\ogi»chen  Geechichtc  der 
Wi«lprk(iii*»r,  ssiiniiclist  an  Litm4«  G<*nuff  Hm,"  in  VerliaadL  naturf.  QfiieUadi. 
in  Bn#fi  it.  n.  2«)  (18A5). 

t  *  iBlond  Life/  p.  5,  &c 
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imphibiai»,sDd  wptOai,  a  d««r  relation  with  North  AMca  than 

"ol»  ^Hto  ffi'we  have  no  right  to  postulate,  as  a  matter  of 
wm^  an  agreement  in  the  dimate  and  the  general  f  ^t»7V** 
life  wbere  fre  find  an  agreement  between  the  anmal  fo™f  »f  ^ 
distaDt  reeioDS,  as  Mr.  Wallace  has  shown  m  several  surpnsmg 
wes*.   Siese  facte,  deduced  from  a  consideration  of  the  pr^ 
&TUia,  lead  ns  to  similar  condnsions  with  r^pect  to  ^  K^f^ 
tm»^   Southern  France,  on  the  northwn  flank  of  the  ^^^^' 
lad  the  northern  half  of  Corsica  are  in  the  same  latitude  anj.  have 
almost  the  same  climate.    The  mountain  regions  of  both  territones 
were  covered  with    extending  glaciers    during    the    Q-J^J^™^ 
(Haistocene)  age.     And  yet  what  a  difference  ii»  *^P"**P^°!f°.^ 
Lnmdian  faSa !     In  the  cavee  of  the  south  of  France  we  meet 
with  ciicumpohir  mammals  amongst  others.     In  the  breccias  ot 
Consca  we  m^t  an  animal  of  Miocene  type  (%<'^i^):  ^^^Jf "! 
to  the  Hare  family,  and  besides  this  peculiar  forms  which  have  not 

T;:fiy^rtt  Sb^TL  f^una  of  the  Vald'A^o  which 
we  have  seen  to  have  been  spread  over  Europe  and  Asia  m  FUocene 
times,  it  also  seems  probable  that  it  extended  then  as  far  as  Java 
ad  Celebes.  We  doubtless  have  to  thwA  isolation  for  the  ^^^^^ 
the  doee  relations  of  the  mammalian  fauna  of  t^e  ^dian  A^m 
pdago  with  those  of  the  PUooenes  are  preserved  till  the  present 
time. 

§  6.  ConcZtmon. 

A  few  mammalian  species  do  not  always  fix  the  g«'J»f««l»8^ 
of  the  bed  to  which  they  belong.      In  the  ««««  »*  *^.^^^ 
mentioned  Myolagu*  tardms  of  the  bonfr-breccias  of  Corsica  and 
fiariinia,  we  K  a  Miocene  animal,  found  at  (Emngen,  San^. 
gteiDhei^i,  and  Casino,  which  has  apparentty  been  Vr^^^^J'^^ 
cnt  ehaS>  in  the  above  islands  down  to  ^^l^^^^Hh^^U^t^e 
probabtydso  to  the  NeoUthic  age t.    In  deahng  ^^JJ^^J'^"^^ 
^nnndia  we  have  shown  that  several  animals  have  ^een  preserved 
almost  unchanged  to  thepresent  day ;  it  may  therefore  be  inferred 
that  they  livSC  in  the  Pleistocene  age,  in  areas  adjacent  to  those 
apots^retteynowUve.     In  the  Sunda  Is  aads  and  pr^maWy 
dwwhere,  it  would  be  difficult,  if  not  impossible,  to  distmgmsh  the 
PHocene  from  the  Pleistocene  fossil  mammaha.    Tb«  "^^^  P^Jf^ 
explain  the  fact  that  Elephas  meridioncdis  ^  '^'^I^.^IA 
yoSr  fauna  on  the  othJ side  of  the  Alps  than  in  I^y'^J^"^^ 
LTroof  that  this  species  Uved  in  Pleistocene  times  m  F"^<\»^J 
EngUd,  does  not  slem  to  me  to  be  sufficient      On  the  other  bana 
STL'epted  by  tlie  Austrian  geologists  and  P?^«j;1^8';%,l*a 

JforfoAm  arrminai.  appears  in  Austria  and  Hungary  in  a 

»  •  Uand  Life,'  pp.  64-67, 370,  371,  375.  378,  Ac.     ^^  ^  he  Verbrei- 
tang  TOn  Thiimi^  Pflanien  im  westUohen  MittelmeergeDiet    ^ 
Tu.  Jahrging.  1883,  p.  697). 
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which  ifl  older  thau  the  mammal  famia  of  the  upper  Val  d^Arno. 
It  may  theretbre  be  concluded  that  thia  fl{>ecies  is  geologically 
older  in  Aufltria  and  in  Hungary  than  it  ia  in  Italy.  The  occur- 
rence of  a  ©ingle  apeciea  in  dietant  or  laolated  regions  cannot  he 
taken  to  prove  that  the  strata  in  which  it  occurs  are  contemporaueouB. 
A  eixsciea  can  only  aarvive  under  favourable  conditions,  among  which 
isolation  counts  before  anything,  as  in  the  case  of  the  Myolugus  of 
Corsica  and  Bardinia. 

§  7.  NoU  hy  Prof.  Boj/d  Daufkijn* 

In  thifl  valuable  contribution  to  our  knowledge  of  the  Pliocene 
mammal-fauna  of  Italy,  Dr.  Forsyth  Kajor  draws  attention  to  the 
sharp  line  of  definition  between  the  Pliocene  and  Pleistocene,  and 
considers  that  no  species  passed  from  the  one  to  the  other  in  Italy. 
In  this  I  am  unable  to  agree,  because  two  of  the  Cervid®,  Cervus 
etueriarum  and  C.  Ferrieri^^  are  undistinguishablo  from  varietiee  of 
Deer  belonging  to  the  A.ris  and  Ema  type  now  inhabiting  the 
Oriental  region. 

Nor  can  I  agree  with  him  in  viewing  the  ffippopatamus  major  of 
the  Val  d'Amo  as  having  been  assumed  to  be  identical  with  the 
living  H.  amphihim  on  the  strength  of  a  Ouvierian  tradition.  I  have 
attempted  in  vain  to  distinguish  between  the  fossil  and  the  living 
forma,  and  after  detailed  measurements  and  a  careful  comparison  of 
those  from  the  Val  d^Amo  in  the  British  Museum  with  the  living, 
and  after  an  eiamination  of  those  in  the  Museum  of  the  Jardin 
dea  Piantes  in  Paris,  I  am  obliged  to  believe  that  they  belong  to 
the  same  species.  //.  amjihihius  must  therefore  be  counted  as  a 
living  species  dating  hack  from  the  PHocene  age.  Numerous 
Pliocene  species,  Eltphas  nteridiQnftlis,  MJiinoceros  etrusiat^,  &;c.,  as 
1  have  already  pointed  out  in  various  papers  read  before  the  8ociet)% 
undoubtedly  occur  in  situ  in  the  Forest -bed  of  Norfolk  and  Suflfolk, 
in  association  with  Pleistocene  forms,  and  prove  the  overlap  of 
the  Pliocene  and  Pleistocene  groups.  I  have  also  shown  t  that  the 
Oriental  region  is  that  in  which  the  Pliocene  mammalia  of  Europe 
find  their  nearest  analogues. 

With  regard  to  the  nomenclature  of  Rhinoceros,  Dr.  Forsyth 
Major  s  criticism  apphes  only  to  the  R.  Iqitorhimts  of  Cuvier,  and 
not  to  the  E,  h^jtorhimt^  of  Owen,  which  is  the  ecjuivalent  of  the 
E,  hetnikechm  of  Falconer. 

*  Quart.  Joum.  Gbol.  Soo.  187^  p-  -IW. 
t  Ibid.  p.  419. 
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2.  On  90fM  liECBKT  D18COYBBIB8  in  the  Subm£B6BD  Fobsst  of 
ToBBAT.  By  D.  PiDGBOK,  Esq.,  F.G.S.  (Bead  NoTember  5, 
1884.) 

AxoKe  the  nomerous  examples  of  submerged  forests  which  occur  at 
intenrals  all  round  the  English  coast,  there  is  none,  perhaps,  better 
known  than  that  of  Torbay.  This  has  been  described  by  De  la 
Beche,  Godwin-Austen,  and  many  other  geologists,  but  more  parti- 
cularly by  Pengelly,  who  has  given  considerable  attention  to  it  and 
speaks  ♦  of  it  as  follows  :— 

"Considerable  accumulations  of  vegetable  matter,  with  stumps 
and  roots  of  trees,  firmly  fixed  in  bluish  day,  and  evidently  the 
reoiams  of  a  forest  which  once  grew  on  the  spot,  exist  in  all  the 
inlets  of  Torbay.  The  most  important  and  best  known  is  that  which, 
it  veiy  bw  water,  is  more  or  less  exposed  at  Torre-Abbey  sands 
.....  the  greater  part  of  which  is  commonly  concealed  by  sand 
and  ahingle,  but  is  occasionally  laid  bare  by  a  heavy  sea.  In  these 
and  simOar  deposits  of  Goodrington  and  Broad  Sands  have  been 
found  the  bones  of  various  animals,  among  which  are  the  red  deer, 
the  wild  hog,  the  horse,  the  long-fronted  ox,  and  the  mammoth, 
the  last,  if  not  the  last  two,  being  certainly  extinct.'^ 

The  character  of  the  evidence  in  favour  of  the  mammoth  having 
roamed  the  submerged  forest  of  Torbay  is  weU  known.  Many  years 
ago  some  Brixham  fishermen  trawled  a  tooth  of  Elephas  primigenius 
(which  is  now  in  the  Museum  of  the  Torquay  Natural  History 
Bodefy)  near  the  entrance  of  the  bay,  and  neiiiier  Dr.  Falconer,  who 
identified  it.  Sir  Charles  Lyell,  Mr.  Godwin-Austen,  nor  Mr.  Peugelly, 
who  closely  examined  it,  had  any  doubt  that  this  molar  is  a  true 
forest-foesil,  which  was  torn  by  the  trawl  out  of  a  submarine  exten- 
sion of  the  forest. 

^  It  is  probable  therefore,"  continues  Mr.  PengeUy,  "  that  the 
re&ains  of  the  ancient  forest  occupy  the  greater  part  of  the  Torbay 
u«a.  Nor  is  this  merely  a  modem  opinion,  since  Leland,  in  his 
'Itinerary,'  says  *  Pisschar  men  hath  divers  tymes,  taken  up  with 
theyr  nettes  yn  Torrebay  Musons  of  hartes,  whereby  men  judge  that 
yn  tymes  paste  it  hath  been  forest  grounde.' " 

From  all  which  considerations,  the  author  in  question  condudes: — 

1.  That  the  country  must  have  been  at  least  forty  feet  higher 
daring  the  forest-era  than  at  the  present  time ;  the  depth  of  water 
in  whidi  the  mammoth's  molar  was  dislodged  being  from  five  to  six 
^thorns. 

2.  That,  subsequently  to  the  forest-era,  there  was  a  general 
sabsidence  to  the  amount  of  forty,  and  perhaps  of  many  more  feet. 

3.  That  the  forest  was  of  sufficient  antiquity  to  have  sheltered 
the  mammoth  and  long-fronted  ox. 

*  Trans.  Dev.  Aasoa  vol.  i.  pt  iv.  p.  W. 
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4,  That  the  successive  changes  of  level  were,  at  least,  tolerably 
uniform  and  were  effected  gradually. 

The  relics  of  man  hitherto  diiiicovered  in  the  submerged  forest  of 
Torbay  are  very  few.  They  consist  of  two  horus  of  red  deer,  found 
hy  Mr.  Ardley  in  1852,  which  exhihit  undoubted  marks  of  human 
workmanship,  and  of  a  single  flint  implement  found  hy  Itr.  Watson, 
on  Torre -Abbey  sands,  in  1883  ♦.  Both  of  these  finds  have  been 
fully  described  by  Mr.  PengeHy,  and  they  suJReiently  demonstrate 
that  man  must  have  witn eased  that  submergence  at  the  forest  area 
for  which  this  author  contends,  while  at  the  same  time  they  raise 
the  interesting  question  whether  this  submergence  took  place  since 
or  before  the  period  of  authentic  hifltory. 

It  has  been  considered  a  sufSelent  answer  to  say  that  Dr.  Barham 
of  Truro,  in  a  paper  road  ia  1825  f,  has  fully  establislied  the  identity 
of  8t.  MichacFs  Mount,  near  Penzance,  with  the  let  is  of  Diodoma 
Siculus,  who,  writing  in  the  year  S)  bx.,  or  nearly  2000  years  ag:o, 
aflsigUB  to  this  ii^land  exactly  the  same  level  relatively  to  the  sea  aa 
that  which  it  has  to-day.  *'  Ictis  '•  J,  says  Diodonis,  *'  is  left  dry  at 
low  tides,  at  which  times  the  inhabitjints  of  Belerium,  or  Cornwall^ 
transport  thither,  in  carts,  the  tin  which  they  produce  ou  shore. 
Here  the  traders  buy  it  from  the  natives  and  carrj*  it  to  Ganl,  over 
which  it  travels  on  horseback  to  the  mouths  of  the  Rhine." 

Further  reasons  for  believing  in  the  persistence  of  the  existing: 
coast-levels  through  long  periorls  of  time  are  to  bo  found  in  the 
fact  that  an  embankment  of  llomari,  if  not  of  ]>re-Roman,  age, 
situated  in  the  Wash,  stands  upon  the  same  horizon  with  a  similar 
structure  which  has  been  built  in  its  iiei;Thbonrhood  during  modem 
times;  while  all  the  early  Euglish  chroniclers,  from  Bede  down- 
wards, take  their  stand,  so  to  speak,  on  the  present  levels  of  the 
country. 

Mr.  PeugeMy'fl  latest  expression  of  opinion  with  regard  to  the 
age  of  the  submerged  forest  of  Torbay  is  as  follows  §  : — 

**  It  seems  highly  probable  that  the  era  of  the  forest  growth  waa 
of  great  duration,  extending  from  times  before  the  extermination  of 
the  mammoth  in  Devon  down  to  the  introduction  of  the  sheep  and 
the  goat.  Be  this  as  it  may,  while  there  are  reasons  for  believing 
that  the  forests  under  consideration  are  more  recent  than  the  deposits 
which  in  the  neighbouring  [Kent*s  Mole  and  Brixham  j  caverns  have 
yielded  jjalteolithic  tools  interosculating  with  relics  of  seversd  extinct 
mammalian  s|x)cies,  there  seems  no  reason,  on  the  other  hand^  for 
doubting  that  they  extend  back  to  palBBoKthic  times  in  Devonshire.*' 

Such  being  the  conclusions  of  the  distinguL^hed  geologist  who  ia, 
perhaps,  better  ac<iuainted  than  any  other  investigator  with  the 
submerged  forest  of  Torbay,  attention  will  this  evening  be  drawn 
to  certain  facts  which  seem  to  indicate  that,  while  some  of  the 
sO'Oalled  peat-beds  of  the  forest  are  not  older  than  Boman  times, 

*  Tmn».  Be?,  .iaaoc.  vol.  i.  pt>  iv.  p. .%,  i\iid  ibid,  voh  XT,  p.  137. 
t  Trail  fl,  Koj.  G^ol  ^^,  of  Comwnll.  vob  iij.  p>  86, 
i  Astrfjnomy  of  the  Ai>eientH,  p.  45*2. 
J  Trans.  De?.  Assoc,  vol*  xv,  p.  138. 
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the  clays  in  wbich  the  forest  is  rooted  arc  either  coeval  with, 
or  younger  than,  the  bronze  age  in  Uritaia* 

The  map,  fig.  1,  exhibit;^  that  part  of  Torbay  which  is  occupied 
by  Goodrington,  Paignton,  and  Preston  Bands,  Ui>on  the  first  and 
last  of  which  the  tindn  which  are  about  to  be  described  were  made. 
Kef  erring,  in  the  first  place,  to  Preston  Sands,  these  fringe  a  flat 
marshy  valley,  which,  excavated  in  Triassic  aands tones  and  conglo- 
merates, and  falling  seaward  with  an  extremely  gentle  slope, 
extends  from  Eedclifte  Towers  at  A  to  Preston  Lane  at  B  (^g,  1). 

The  guiles  of  December  1883  and  Febniarj^  1684  stripped  nearly 
all  the  shingle  off  the  upper  half  of  the  tidal  strand  between  these 
two  points,  A  &  B,  exposing  the  outcrops  shown  upon  the  plan, 
fig.  2.     The  forobt-clay,  K,  was  then  seen  to  extend  in  a  continuous 

Fig,  2. — Plan  of  Outcrops  ohservtd  on  Fr^Mon  Saiids  (A  fo  B  on 
fig.  I),  December  1883  to  FSrmrif  1884.  {Scale  340  feet  to 
1  inch*) 


,    '-:'.•,  y'.t J.-*'.-; 


sheet  of  no  great  thickness  from  Bedcliffe  Towera  to  Preston  Lane, 
while  its  eeaward  edge,  instead  of  extending  beyond  low-water 
mark,  as  in  the  neighbouring  inlets  of  Goodrington,  Torre  Abbey, 
Paignton,  and  Broad  Sands,  has  been  truncated  by  the  action  of  the 
sea  and  is  now  confined  to  the  limits  shown  upon  the  plan. 

Inland  the  clay  bed  forms  a  fiat  basin,  whose  northern  lip,  riwng 
with  the  flank  of  the  valley,  Ihins  out  to  nothing  at  B,  about  seven 
feet  above  high-water  mark,  while  its  southern  lip  has  been  denuded, 
together  with  the  Trias  rock  upon  which  it  rests,  to  the  level  of  the 
sea.     Of  the  inland  lip  of  this  basin  more  hereafter. 

The  day  reposes  directly  upon  the  IVias  at  A  (figs,  1  &  2),  while, 
further  north,  it  lies  upon  a  soniewhat  remarkable  breccia  or  "  head  '* 
(L,  fig.  2),  which  caps  the  Trias  conformably  from  about  the  j)oint  C 
for  a  considerable  distance  northwards  of  Preston  Lano.  This  breccia, 
which,  together  with  the  furei^t-clay  underlying  Preston  8andB,  has 
been  minutely  described  by  Mr.  PengeDy*,  consists  of  unstratified, 
angular,  and  loosely  aggregated  atones,  packed^  without  order  or 
arrangement,  in  a  clayey  matrix.  The  stones  have  nearly  all  been 
derived  from  a  neighbouring  hill  of  Devonian  sandstone,  whence 


*  TnDA,  Dev.  Amoc.  for  1878. 


Digitized  by  VjOOQIC 


IH  THB  SirBMEBeED  POREST  OF  lORB^T.  13 

thej  bave  travelled  to  tiieir  present  position  along  slopes  which 
are,  for  the  most  part,  so  slight  that  it  is  difficult  to  suppose  existing 
natural  agencies  to  have  been  concerned  in  their  transportation. 

This  breccia  is,  in  all  probability,  an  example  of  those  depositB 
which,  going  by  the  name  of  **  head "  in  the  west  of  England, 
attain  a  great  derelopment  in  the  maritime  districts  of  Bouthem 
England  and  Northern  France,  and  which  Sir  A.  Bamsay  and  Prof. 
James  Geikie  have  considered  to  be  the  equivalents  of  true  glacial 
deposits,  such  as  the  till,  but  formed  in  districts  which  were  not 
covered  by  tJie  continental  ice-sheets. 

That  the  dav  bed,  which  thus  rests  either  upon  the  Trias  rock  or 
the  breccia  which  caps  it,  forms  the  soil  in  which  a  portion  of  the 
nibmerged  forest  of  Torbay  is  rooted,  there  is  no  sort  of  doubt.  It 
w  crowded  with  roots  of  all  sizes;  while  here  and  there,  the 
tninks  of  trees,  whose  roots  branch  through  the  clay  in  all  direc- 
tions, still  stand  erect  and  show  tiiemselves  above  the  surface  of 
the  diingle  whenever  this  is  thinly  strewn  over  the  tidal  strand. 
It  is  fortiier  covered,  as  shown  on  tjie  map,  with  a  mass  of  so-called 
peat,  D  (fig.  2),  which  is  nearly  three  feet  thick  in  some  places. 

Towards  the  end  of  December  1883,  the  sea  exposed  Uie  area  of 
ebjand  underlying  *'  head  "  shown  at  E,  fig.  2.  E  itself  represents 
the  trunk  of  a  large  tree  about  whose  roots,  which  were  partially 
denuded,  the  day  was  several  feet  thick,  and  whence  it  thinned 
away  to  a  feather-edge  where  it  met  the  ''  head."  Here,  resting 
inunediatdy  upon  the  breccia  at  G,  two  pavement-like  aggregations  of 
atones  were  observed,  each  about  two  feet  across,  and  of  irregular  out- 
line, but  both  presenting  the  appearance  of  having  once  been  united. 
Theee  quasi  floor-fragments  consisted  of  well-rolled  beach  stones,  the 
connteipans  of  certain  trap  pebbles,  derived  from  tiie  Trias,  and  very 
numerous  on  the  present  beach,  but  difTering  totally  in  character 
from  the  angular  Devonian  stones  in  the  *'  head "  on  which  they 
laj.  That  these  were  no  heaps  of  pebbles  shot  down  from  a  cart 
for  some  purpose,  during  a  previous  exposure  of  the  breccia,  as 
might  weU  have  seemed  the  case,  was  clear  from  the  fact  of  their 
bang  everywhere  interpenetrated  by  fibrils  of  the  forest  roots. 
A  dose  examination  revealed  the  curious  fact  that  these  trap 
pebbles  were  all  cracked  and  traversed  in  every  direction  by  minute 
finnres,  so  that  the  stones,  usually  difficult  to  break,  even  with  a 
heavy  hammer,  could  be  pulled  apart  by  hand.  The  fractures 
were  of  such  a  kind  as  forcibly  to  suggest  that  the  stones  had  been 
heated ;  and  some  trap  pebbles  from  the  beach,  upon  being  placed  in 
the  fire,  soon  exhibited  similar  fissures,  and  became  cracked  in 
exactly  the  same  way  as  those  forming  the  heaps  in  question.  The 
interstices  of  the  hearth,  as  the  structure  now  began  to  be  con- 
ndered,  were  crowded  with  fragments  of  charcoal,  easily  distingmsh- 
able  from  the  dark-coloured  and  decomposed  vegetable  matter 
feniished  by  the  adherent  rootlets. 

But  if  the  seeming  floor  were  really  a  hearth,  the  question  at 
onoe  arose— Why  should  its  builders  have  gone  afield  for  materials 
when  there  was  plenty  of  Devonian  sandstones  ready  to  hand  in  the 


Digitized  by  LjOOQ IC 


14 


D,  PiDGEOir  OW  RECENT  UlfiCOTERlEB 


'*  head'*?  Why  did  they  not  light  thoir  fires  upoD  it?  On  trial, 
however,  it  was  found  that  Buch  f ragmen t-s  of  Devonian  rock  aa 
the  breccia  contains  fty  to  pieces  with  great  violen<^  on  being 
heated,  and  were  therefore  quite  unfit  for  the  construction  of  fire- 
places. Finally,  the  floor4iko  structure,  the  heat-cracked  stones, 
the  preBence  of  apparently  tnie  charcoal,  and  the  proved  unfitness 
of  the  breccia  for  hearth-building,  ftug:gested  the  conclusion  that 
man  had  roamed  in  Torbay  at  some  period  subsequent  to  the  depo- 
Bition  of  the  breccia  capping  the  Trias,  and  prior  to  the  deposition  of 
the  clay  in  which  the  submerged  forest  is  rooted. 

The  diacoverj-  of  a  presumptire  hearth  raised  hopes  that  aonie 
titenails  of  human  origin  miglit  ultimately  be  found  \  nor  was  this 
anticipation  disappointed.  Towards  the  end  of  February  1884,  a 
heavy  gale  bared  the  strand  very  widely,  tbo  junction  of  the  forest- 
eky  with  the  underljiTig  Trias  being  well  displayed  at  the  point 
marked  A  in  figs.  1  and  2,  A  large  area  was  here  uncovered,  and 
the  cla}'  soon  yielded  several  trap  pebbles,  cracked  as  if  by  fire,  und 
fissured  in  exactly  the  same  way  a-s  others  which  formed  a  pari  of 
the  presumed  hearth.  This  suggestivo  find  was  carefully  folloired 
up  and  the  forest-clay  therouglily  searched  from  A  to  B,  after  every 
tide,  so  long  as  the  exi>08ure  lasted.  The  following  artidee  ^were 
discovered,  and  are  aU  exhibited  on  the  table  x  — 

1.  An  ingot  of  copper,  found  lying  on  the  surface  of  the  forest- 
clay.  Although  not  actually  imbedded,  its  position  and  appearance 
left  no  room  to  doubt  that  it  had  been  disiai:erred  by  the  last  tide, 

2.  A  portion  of  a  similar  ingot,  also  found  lying  on  the  surface  of 
the  elay,  but  having  a  few  minute  rootlets  clinging  to  one  of  its 
crevices. 

3.  ?f  umerous  pieces  of  rude  pottery,  made  of  dark-coloured,  mi- 
burned  elay,  mixed  with  small  fragments  of  stone, 

4.  Three  fragments  of  granite  grind ing-stones,  originally  of 
circular  outline,  and  about  ten  inches  in  diameter. 

5.  A  curiously  shaped  piece  of  whetstone. 

6.  A  piece  of  glass, 

7.  A  large  number  of  angular  stones  consisting,  acoordini^  to 
assays  made  by  Messrs.  Heni^'  Bath  and  Sons,  the  emu  out  tin-  and 
copper-brokers  of  Swansea,  of  tin  slags  containing  a  small  quantity 
of  that  metal* 

S.  A  quamtity  of  triturated  tin-slag,  without  metallic  cont'Cnts. 

0.  A  number  of  angular  flints,  among  which  are  many  having  a 
decidedly  artificial  character. 

10.  Three  or  four  flint  implemont.s,  in  some  eases  worn  by  uao. 

All  these  objects,  with  the  exception  of  the  copper,  were  actually 
disinterred  from  the  clay^  and  were  found  either  interpenetrated  or 
embraced,  according  as  they  had  or  had  not  fissures,  by  fine  roat* 
leta,  BUch  as  everjnirhere  crowd  the  clay  itself.  Everything,  cxoept 
the  whetstone  and  one  flint  implement,  which  occurred  near  Preston 
Lane,  was  found  closely  associated  within  the  space  of  a  few  square 
yards,  and  at  the  spot  marked  H  on  the  plan  (fig.  2),  or  just  where 
the  forest-clay  makes  a  junction  with  the  Trias. 
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It  is  worthy  of  remark  that  the  spot  in  question  forms  the 
natural  point  of  discharge  for  water  accumulating  in  the  valley  A  B, 
and  that  water-rolled  gravel  occurs  in  the  clay,  quite  dose  to  the 
spot  where  the  modern  pipes  F,  which  drain  the  low  marshy  land 
d  the  valley,  have  heen  laid  down. 

A  word  must  now  he  said  with  r^ard  to  the  position  of  these 
various  articles  vertically  in  the  day.  This,  together  with  the  Trias 
lidge  upon  which  it  rests,  has  heen  greatly  denuded  within  the 
limits  of  the  tidal  strand.  A  numher  of  truncated  posts  were 
observed  at  J,  and  several  of  these  were  drawn.  They  consisted 
of  tree-stems,  four  or  five  inches  in  diameter,  and  roughly  pointed ; 
hut,  in  no  case  did  more  than  five  or  six  inches  of  their  original 
length  remain,  proving  that  some  feet  of  clay  had  been  denuded  since 
the  posts  were  driven.  The  wood  of  these  piles  had  its  larger  vessels 
thr^ed  with  the  rootlets  of  other  plants  in  exactly  the  same  way 
as  the  forest- wood  itself,  which,  whether  prostrate  or  erect,  is  always 
interpenetrated  by  the  roots  of  subsequent  vegetation.  The  present 
tidal  strand  has  therefore  been  a  land  surface  since  the  posts  were 
driren. 

The  Trias  ridge  upon  which  the  forest-clay  rests  has  been  pared 
down  pan  j>a»u  with  the  latter,  above  which  it  projects  only  a 
few  inches.  The  clay  thickens  rapidly  from  its  junction  with  the 
Trias  outwards,  and  is  from  three  to  four  feet  thick  under  the  drain- 
pipes F.  Assuming  that  the  piles  were  originally  driven  not  less 
than  two  feet  into  the  day,  and  bearing  in  mind  that  the  objects  on 
the  table  were  found  nearer  the  junction  than  the  drain-pipes,  it  is 
probable  that  they  occupied  a  position  about  midway  between  the 
original  surface  and  the  bottom  of  the  clay  bed  at  this  point. 

Renewing  the  above  facts,  the  conclusion  seems  inevitable  that 
tin  was  smdted  and  bronze  probably  made  on  the  spot  in  question 
at  some  time  prior  to  the  deposition  of  the  forest-clays,  and  that  the 
land  surface  supporting  this  early  metallurgical  establishment  was 
the  Trias  rock.  That  the  objects  obtained  from  the  clay  were  en- 
tombed during  its  deposition,  is  shown  by  the  fact  of  their  inter- 
penetration  by  the  rootlets  for  which  that  clay  subsequently  formed 
a  soil;  and,  unless  work  was  carried  on  within  a  pile-dwelling, 
the  broDie-makers  must  have  been  antecedent  in  time  to  the  forest- 
elay.  If  the  platform  of  cracked  stones  found  seated  upon  the 
"head"  be  accepted  as  the  remains  of  a  neighbouring  smelting- 
hearth,  then  there  is  no  question  but  that  the  suggested  sequence  of 
events  is  correct.  Not  only,  then,  was  man  living  in  Torbay  at 
Bome  period  prior  to  the  deposition  of  the  forest-clays,  but  he  was 
already  acquainted  with  the  art  of  smelting  and  a  worker  in  copper 
and  tan — ^fkcts  which  allow  no  escape  from  the  conclusion  that  the 
soils  in  which  the  submerged  forests  of  Torbay  flourished  were 
deposited  since  the  beginning  of  the  bronze  age  in  Britain. 

This,  according  to  Dr.  Evans,  did  not  probably  extend  more  than 
twelve  or  fourteen  centuries  backwards  from  the  commencement  of 
the  Christian  era,  a  period  agreeing  fairly  well  with  M.  Morlot's 
well-known  estimates,  which  give  3800  years  as  the  present  age  of 
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the  bronze  period  in  Europe.  Sir  John  Lubbock  has,  mde^^,  ad- 
vanced reasons  for  belicring  ttiab  the  Phcenicians  traded  with  Britain 
for  tin  fuDy  1500  yeara  before  our  era  ;  and,  if  tbis  be  so,  we  must 
Hiippoae  that  the  inhabitants  of  Belerium  Had  been  acquainted  with 
the  art  of  smelting  for  very  many  years  before  that  date,  there 
being  nothing  to  Buggest  that  the  Britons  were  taught  metallurgy 
by  the  Phcenicians.  That  the  present  coast-Ievek  of  England  have 
persisted  for  at  least  two  thousand  years  past  seems  to  be  fairly 
established;  and,  thU  being  so,  it  follows  that  the  subsidence,  if 
eubsidence  it  were,  that  placed  the  primitive  amelting-works  lying 
under  RcdcliffeTowera  beneath  the  tidal  waters  of  Torbaj,  must  have 
occurred  at  eome  period  prior  to  the  Eoman  occupation,  or  during  the 
12,  15,  or  more  ceHturiea  which,  according  to  Dr.  Evans,  M.  Morlot^ 
or  Sir  John  Lubbock,  elapsed  between  the  beginning  of  the  bronze 
age  in  Britain  and  the  coming  of  Julius  Cmsar  t^  our  shores. 

Hi  19  question  may  be  left  for  a  moment  in  order  to  in(|uire  how 
far  a  comparison  of  the  objects  found  in  the  clay  with  other  early 
works  of  human  art  supports  the  conclusion  that  the  soils  of  the 
Torbay  forest  are  of  comparatively  recent  date.  It  will  be  observed 
that  the  fragments  of  potter)-  are  similar  in  character  to  both  British 
and  i^wiss  lake-dweUing  pottery »  of  which  the  former  may  be  of  any 
age  from  1 5f)U  to  3000  years.  The  copper  ingota  have  their  exact 
countc'rparts  in  others  now  in  the  Natural-History  Museum  which 
were  found  in  the  black  mould,  or  uppermost  layer  of  Kt'nt*s  Cavern  ; 
while  whetstones  and  querns,  similar  to  those  taken  from  the  clay, 
are  not  uncommon  in  Romano- British  finds.  Granting  that  the 
flint  implement  found  by  iTr.  Watson,  lying  on  Torre- Abbey  sands, 
is  a  true  forest-fossil,  this  in  no  way  militates  against  the  conclusion 
which  is  sought  to  bo  established.  Not  only  have  such  tooh*  been 
found  asaociated  with  bronze  implements  in  the  Swiss  lake-dwelliiigs 
and  elsewhere,  but  there  is  evidence  of  such  a^^pociation  on  the  table 
this  evening.  The  horn  implement  fonnd  by  Mr,  Ardley  in  the  peat 
of  the  Torbay  forest  supports  the  ideas  which  have  been  advanceid  ; 
for  no  one  examining  this  tool  with  a  critical  eye  can  avoid  coming 
to  the  conclusion  that  it  has  been  shaped  with  something  very  much 
more  effective  for  cutting- purposes  than  a  stone  hatchet. 

It  is  well  known  that  the  Torbay  forest  is  of  lat«r  date  than  the 
cave-earth  of  the  neighbouring  Kent's  Cavern,  and  later  than  some 
portions,  at  least,  of  ita  stalagmitic  covering ;  for  both  these  d^^'posits 
contain  the  bones  of  certain  extinct  mammab  whose  remains  are 
not  found  in  the  forest.  The  fauna  of  the  latter  is,  indt^d,  the 
fauna  of  to-day,  consisting  for  the  most  part  of  the  red  deer»  the 
ox,  hog,  sheep,  and  goat,  creatures  whose  bones  are  also  found  in 
the  black  mould  of  Kent's  Cavern,  There  is  some  evidence,  it  is 
true,  that  the  mammoth  roamrd  in  Torbay  during  the  foresthera ; 
but  it  ia  not  concluaive,  and  it  will  be  time  to  believe  that  Elejihajf 
jjrimit/eiiuis  was  a  contemporary  of  bron/e-making  man  in  Devon- 
shire when  its  remains  have  been  found  in  actual  association  with 
the  works  of  the  latter,  Tbis  subject  will  be  again  referred  to  in 
the  sequel :  it  is  needful  now  to  pass  on  to   the  description  of 
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anotlier  find  recently  made  by  the 
writer's  son  on  the  tidal  strand  of 
Goodrington  Bay  (fig.  I). 

This  inlet  has  much  the  same 
general  character  as  that  which 
has  already  been  described,  and 
consists  of  wide  and  gently  sloping 
sands,  crowned  with  a  prominent 
ridge  of  beach,  behind  which  the 
gronnd  is  low,  flat,  and  marshy, 
hanng  been  reclaimed  from 
swampy  conditions  only  in  recent 
years. 

Fig.  3  exhibits  a  section  of  the 
tidal  strand  taken  through  the 
spot  where  the  "find"  in  question 
was  made,  and  it  will  be  observed 
that  the  forest^lay  is  here  no- 
where Tisible.  At  the  bottom  is  a 
bed,  £,  consisting  entirely  of  pro- 
strate trees  and  vegetable  debris ; 
above  that  is  another.  A,  com- 
posed of  the  stems  of  the  water- 
birtort  {Polygonum  amphihium) 
standing  as  they  grew ;  next,  a 
stratum  of  silt  and  vegetable  mat- 
ter, D ;  then  a  thin  layer  of  red 
day,  F,  and  lastly  a  bed  of  much- 
ibraded  reedy  debris,  C,  upon 
which  the  beach,  B,  appears  to 
rest.  The  thickness  of  the  lowest 
bed  is  unknown,  while  that  of  the 
others  is  altogether  about  eight 
feet.  Borings  made  by  the  Great 
Western  Rwlway  Company  have 
ihown  that  there  are  at  least 
serenty,  and  it  may  be  many 
more,  feet  of  vegetable  debris  in 
the  marsh  immediately  behind  the 
beach,  where  it  is  crossed  by  the 
line  carried  on  a  high  embank- 
ment. 

On  November  18th,  1883,  the 
writer^s  son  disinterred  from  the 
Po/y^num-bed,  A,  fig.  3,  two 
large  pewter  vases,  one  of  which 
is  now  on  the  table,  while  the 
other  has  been  presented  to  the 
Museum  of  the  Torquay  Natural 
History  Society.      These  vessels 
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lay  in  contaGt,  one  above  the  othc^r,  were  umniatakably  Imbedded, 
were  full  of  fine  vegetable  debrie,  t-ottiUy  free  from  nay  admixture 
of  marine  deposits,  and  were  cmsiied  flat  by  long-continued  gentle 
pressure.  Thu  metal  of  wbich  they  arc  composed  bai  been  fomid  to  con- 
sist of  10  parts  of  tin  to  1  part  of  lead,  and  tbey  have  been  pronounced 
by  Mr.  Franks  of  the  British  Museum  to  be  almost  certainly  Komaii, 
The  befd  in  which  they  were  found  is  about  10  feet  below  bigb- 
tide  Une,  and  vertically  lower  than  the  point  at  wbich  the  relics  of 
bronzo-making  man  were  discovered  in  the  clay  bed  of  tbe  adjoining 
inlet.  This  fact  alone  suggests  the  necessity  of  caution  in  coming  to 
conclusions  on  the  general  question  of  subsidence. 

Old  maps  of  Torbayj  such  as  those  of  Speed,  dated  1610,  Saxton, 
1675,  and  Donne^  1765,  demonstrate  immense  encroachments  of 
the  sea  in  this  neighbourhood  during  corapanitively  recent  times. 
The  ordnance  survey  of  1809  shows  that  a  road  then  traversed 
Good  ring  ton  Sands  where  the  tide  now  flows  ;  while  the  earlier 
surveyors  whose  names  have  been  mentioned  demonstrate  a  very 
considerable  seaward  prolongation  of  the  land  in  Torbay  within 
the  last  three  centuries.  There  is  httle  room  to  doubt  that  the 
Roman  vases  in  question  were  lost  in  Goodiington  Marsh  at  a  time 
when  the  beach  which  dammed  its  waters  was  far  seaward  of  its 
present  po.silion  and  of  the  Bpot  where  the  vessels  were  founds 
Since  that  time,  the  beach,  receding  before  the  advancing  sea,  haa 
passed  over  the  vases,  which  the  waves  have,  finally,  disinterred 
from  the  foreshore. 

The  vertical  position  of  the  vessels,  10  feet  l>elow  high -water 
mark,  may  be  explained  by  supposing  that  the  fallen  trees  and  vegt©- 
table  detritiis,  filling  the  Goodrington  valley  to  a  depth  of  at  least 
70  feet,  formed  a  very  compressible  mass,  and  as  this  became  g^rsr- 
dually  consolidated,  the  reedy  beds  growing  above  tbe  prostrate 
forest  gradually  settled  and  carried  any  enclosed  objedbe  down 
with  tliera* 

The  same  bed  of  day  which  underlies  the  forest  on  Preston  Sands, 
is  also  present  at  the  same  levels  at  (jloodrington,  where,  how- 
ever, it  is  generally  covered  with  sand  and  shingle.  In  the  i>entre 
of  the  bay  there  occurs  a  reef  of  Devonian  shale,  C,  fig.  1 ,  which  ib 
covered  at  high,  and  exposed  at  low  water.  Upon  either  side  of 
this  reef  the  clay  reposes,  just  as  it  does  upon  the  Tma  r^ef 
immediately  below  Kedclifie  Towers  in  the  neighbouriiig  hay. 
Thence  it  dips  rapidly  on  either  hand,  and  is  soon  covered  w  ith  a 
thick  layer  of  peaty  matter,  els  is  also  the  case  on  Preaton  Sauds, 
There  is,  however,  nothing  to  show  whether  this  bed  of  clay 
paeaefl  continuously  from  the  reef  under  the  great  depth  of  ff>re«t- 
deposita  which  the  Great- Western  borings  have  shown  to  exist  at 
the  lowest  part,  of  the  Goodrington  valley. 

With  regard  to  the  character  of  the  forest- days  Mr.  Godwiij- 

Austen*,  writing  in  1842,  says  that  the  submerged  forest  of  Torbay 

re^ts  on  lacustrine  mud,  which  at  Broad  Sands  contains  shells  of 

Pttludhm  im2)nra  in  great  abundance ;  while  at  Goodringtoa    also 
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diere  are  traces  of  lacustrine  marl.      The  writer,  on  the  other 

hand,  while  totally  fiedling  to  find  any  freshwater  shells  in  either 

of  the  inlets,  has  met  with  Scrobicularia,  Hydrobia^  Littorina^  and 

Mdampus,   the  three  former  abundantly,  in   a   single  but  very 

limited  exposure  of  the  clay  only  a  few  himdred  yards  south  of 

Beddiffe  Towers.      Of  these  shells,  the  Hydrohioe  formed  a  bed 

several  inches  in  tiiickness,  and  would   have  given  the  idea  of 

their  having  lived  and  died  during  the  accumulation  of  the  clay, 

but  for  the  fact  that   they  occur  at  precisely  the  same  horizon 

as  living  shells  of  the  same  species  would  do.    It  is  quite  impossible 

to  sappose  that  an  eetuarine  bed  of  clay  which  has  been  elevated  to 

form  the  soil  of  a  forest  should,  upon  subsequent  subsidence,  sink  to 

exactly  the  same  horizon  as  it  occupied  before  ita  elevation  ;  and  it 

is  probable,  therefore,  that  the  marine  shells  in  question  flourished 

where  they  were  found  during  some  recent  but  prolonged  exposure 

of  the  day,  while  the  shifting  of  derived  mud  during  that  time 

might  give  them  the  appearance  of  being  bedded.     The  clay  itself, 

when  not  charged  with  vegetable  matter  (which  gives  it  a  blue 

tinge),  or  stained  at  its  margins  by  the  red  rocks  upon  which  it  lies, 

is  almost  white  and  of  an  extremely  fine,  butter-like  consistency. 

To  this  excessive  fineness  must  probably  be  attributed  the  fact  that 

the  day  is  white,  while  the  surrounding  drainage-area  is  composed 

diiefly  of  rod  rocks.     Not  the  slighest  evidence  of  marine  action 

is  exhibited  by  t^e  lip  which,  as  already  stated,  can  be  traced  aroimd 

portions  of  the  shallow  basin  in  which  the  clay  accumulated ;  and, 

in  view  of  this  fact,  of  Mr.  Godwin -Austen's  positive  observation, 

and  of  the  possibility  of  explaining  away  the  rare  presence  of  marine 

AeHs  in  the  deposit,  it  is  probable  that  the  clay  is  of  lacustrine  origin. 

It  is  time  to  consider  the  question  of  the  supposed  subsidence  of 

tiie  area  under  consideration  in  the  light  of  the  following  facte : — 

lat.  That  the  forest-clay  of  Preston  Sands  contains  relics  of  bronze- 
making  man. 

2ni  That  the  upper,  peaty  beds  of  the  submerged  forest  of  Good- 
rington  have  yielded  Koman  remains. 

It  has  been  suggested  that  the  shores  of  Britain  have  probably 
remained  at  their  present  levels  for  at  least  2000  years  past ;  and  u 
Dr.  Evans',  M.  Morlot's,  and  Sir  John  Lubbock's  views  may  be  relied 
upon,  the  bronze  age  in  Britain  is  not  older  than  4000  years. 
But  if,  as  Mr.  Pengelly  suggests,  Torbay  stood  at  least  forty  feet 
hi^er  than  now  during  the  forest-era,  it  becomes  necessary  to 
bdieve  that,  at  some  time  within  the  twenty  centuries  preceding 
Roman  times  in  Britain,  the  Trias  rocks  of  Preston  Sands  have 
been: — 

1.  Submerged  for  the  deposition  of  the  forest-day. 

2.  Elevated  to  a  height  of  at  least  40  feet. 

3.  Depressed  to  their  present  level. 

That  a  coast  which  has  remained  stationary  for  the  last  2000  years 
ihoold  have  made  such  active  use  of  the  preceding  twelve  or  twenty 
centuries  for  the  purposes  of  oscillation,  is  rather  hard  of  belief 
Sither  the  bronze  age  must  be  of  unsuspected  antiquity,  or  the 
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objects  to  which  attention  has  been 
directed  this  evening  must  have 
been  lodged  where  thejr  were 
found  while  the  land  stood  at  ex* 
isting:  levels. 

In  attcraptin^  to  answer  thia 
qucpition  attention  will  be  fitrictly 
confined  to  the  Faigiitoii-Fre«ton 
inlet,  a  section  of  which  is  shown 
in  fig,  4,  The  clay- bed  is  here 
only  just  below  hi g:h-wat^er  mark 
at  that  part  of  the  marshy  land 
most  remote  from  the  saa.  It 
passes  seaward  ^nth  a  very  slight 
inclination  to  at  least  750  feet 
from  the  shore,  that  being  the 
length  of  the  Paignton  Pier,  whose 
piles  were  all  screwed  into  the 
clay.  It  is  covered,  inland,  first 
with  coarse  sand,  among  which 
are  found  many  large  cockle-shells 
and  occasional  patches  of  shingle ; 
while,  over  all,  is  a  layer  of  blown 
sand,  the  finrface  of  which  is  some 
two  feet  above  high-water  mark. 
Its  seaw^ard  margin,  being  un- 
protected by  a  beach,  is  in  eouree 
of  truncation  and  destruction  by 
the  waves ;  but  behind  the  beach 
such  plants  as  the  water-bistort 
(Foh/tjoutim)  are  growing  Inxtiri- 
autly,  while  willows  arc  exten- 
Bively  cultivated  in  the  swampy 
soil.  It  is  noteworthy  that  most  of 
the  trees  found  prostrate  in  the 
lb  rest -clay  are  also  willows. 

The  basin  in  whieb  the  clay  lie» 
has  a  lip  which  is  distinctly  risiHe 
in  the  cliff  near  Preston  Lane,  and 
w^hose  position  on  the  slopes  of 
the  neighbouring  hills  is  well 
known  to  the  village  buildere. 
This  stands  about  seven  feet  aliov9 
high-water  mark,  and  its  margin 
(as  already  mentioned)  gives  jxa 
evidence  of  having  ever  been  fring- 
ed by  a  marine  beach,  while  tho 
extreme  fineness  of  the  clay  itself  1 
attasts  its  deposition  in  sdU  aiul 
scarcely  turbid  waters. 
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The  evidence  in  favour  of  extensive  encroachment  of  the  sea  in 
Torbay  is  conclnsive.  Large  tracts  of  land,  houses,  and  roads  have 
disappeared  within  the  memory  of  man ;  while  maps  less  than  300 
jears  old  show,  with  more  or  less  accuracy,  a  shore-line  hundreds  of 
feet  in  advance  of  the  present  one.  It  seems  prohable  therefore  that 
the  Paignton-Preston  inlet  was  once  barred  by  a  beach,  distant  at 
least  750,  and  probably  very  many  more,  feet  from  the  present 
beach,  behind  which  the  land-water  accumulated  to  a  height  of  about 
seven  feet  above  the  high-tide  level,  and  that  in  the  lake,  or  mere, 
thus  formed  the  forest-clay  was  laid  down.  By  the  breaking  down 
of  the  dam,  the  sea  was  admitted,  covering  what  is  now  Paignton 
Marsh  with  coarse  sand,  to  be  followed  by  blown-sand  deposits,  and 
in  this  way  the  sea  was  again  expelled  to  the  limits  of  the  present 
ooast-hne.  Meanwhile  the  willows  and  marsh-plants  whose  debris 
and  roots  form  the  greater  part  of  the  so-called  peat-beds  overlying 
the  day  took  possession  of  the  low-lying  ground. 

Man,  as  we  have  seen,  was  present  in  the  Paignton-Preston  inlet 
either  before  the  lake  in  question  was  formed,  living  on  the  "  head,'' 
or  inhabiting  a  pile-dwelling  during  the  deposition  of  the  clay,  or 
eTen,  if  the  lacustrine  conditions  were  intermittent,  settled  on  the 
elaj  itself;  but,  in  any  case,  the  suggested  explanation  makes  it 
unnecessary  to  suppose  that  the  bronze-makers  of  Bedcliffe  Towers 
were  witnesses  of  those  wide  oscillations  of  level  which  have  here- 
tofore been  associated  with  the  physical  history  of  the  submerged 
Torbay  forests.  The  topmost  beds  of  these  deposits  have  been  shown 
to  be  no  older  than  the  Homan  occupation  of  Britain,  while  their 
base  dates  from  the  bronze  age.  K  the  molar  of  Elephas  primi^ 
genius  which  has  already  been  referred  to  was  really  derived  from 
a  seaward  extension  of  the  forest  lying  exposed  between  tide-marks 
in  Torbay,  then  it  must  be  concluded  that  the  mammoth  survived  in 
Devonshire  alipost  down  to  Roman  times,  and  that  he  was  certainly 
contemporary  there  with  bronze-making  man. 

But  it  is  not  necessary  to  suppose  that  the  same  bed  of  clay  and 
the  same  for^t  were  continuous  for  great  distances  seaward  in 
Torbay.  Buried  forests  are,  elsewhere,  almost  always  found  in  tiers, 
sometimes,  as  in  the  Penland  districts,  four  or  more  one  above 
another.  At  Blackpool,  only  a  few  miles  from  Torbay,  Mr.  A.  R. 
Hunt*  has  given  reasons  for  believing  that  one  submerged  forest 
Twts  upon  another ;  and  these  forests  might,  of  course,  differ  vastly 
in  age.  Similarly  there  may  be  forest-beds  beneath  the  waters  of 
Torbay  older  than  those  which  are  visible  on  Torre- Abbey,  Paignton, 
Preston,  and  Goodrington  Sands,  and  the  mammoth's  tooth  may  have 
come  from  one  of  these.  In  any  case,  the  submerged  Forest  of  Tor- 
bay,  and  possibly  therefore  other  submerged  forests  fringing  the 
English  coast,  are  even  more  truly  things  of  yesterday  than  has 
hitherto  been  supposed. 

*  TninB.  Dev.  Assoc,  A.  R.  Hunt,  July  1881. 
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Dr.  H.  WooDWARi*  eaid  that  it  wa»  intereating  to  find  that  the 
copper  ingots  exhibited  by  tho  aQthor  closely  resembled  ingots  of 
the  aomo  metal  obtained  by  Mr.  Pengelly  from  Kent's  Cavern.  The 
pottery  from  the  two  localities  svjus  also  similar. 

Prof.  T.  Rupert  Joites  doubted  the  palceolitbic  agu  of  the  flint- 
flakes.  Similar  flakes  have  been  fotiiid  on  the  Burfaco  in  many  parti 
of  poutbem  Englond,  and  are  by  no  means  of  palseolithic  age. 

Prof,  T.  M^K.  Hughes  said  that  one  of  the  moat  interesting  pointa 
connected  with  the  paper  was  the  explttDatioii  of  a  -*  submerged 
forest "  without  the  necessity  for  any  Biibmergence,  He  quite 
agreed  with  the  author  that  the  damming  back  of  the  sea  aad  tlie 
growth  of  trees  below  high-water  mark  behind  the  dam,  furniabed 
a  probable  explanation  of  the  pbeHomcniU  The  oceurrenoe  of  the 
two  days  deacribed  might  indicate  two  d liferent  periods,  and  aub- 
mergence  might  have  occurred  between  them.  The  evidence  of  the 
chips  waa  not  of  much  value,  as  they  might  be  of  any  age.  The 
pottery  appeared  to  be  British. 

Mr,  Bl/lnpokd  agreed  with  the  author  in  his  main  views,  but 
wished  to  point  out  one  difticulty.  The  supposed  tin-smelting 
hearths  were  some  li)  feet  below  high-water  mark,  and  the  grauud 
must  have  been  too  wet  for  em  citing,  if  not  actually  below  wat-csx, 

Mr.  TovLET  expTCBscd  hi;*  general  ugrcement  w^ith  the  author; 
but  remarked  that  similar  opinions,  as  to  the  recession  of  shingle- 
beaches  and  the  formation  of  *•  submerged  for  eats  *'  w^ithout  sub- 
sidence, had  been  pat  forward  by  Mr,  Yates,  Col.  Ureenwood,  and 
others.  Where  the  forest-growth,  however,  extended  to  or  below 
low-water  mark,  he  tbout'ht  subsidence  must  have  occurred. 

The  Author  thanked  Br.  Woodward  tor  his  n-marks,  and  for  the 
access  he  had  given  him  to  similar  ingots  in  the  Natural  History 
Museum.  He  had  used  the  term  *'  piilfeohtliic '*  merely  to  indicate 
the  type  of  the  Hint  fragments.  He  stated  ihathis  paper  answered 
Mr.  Pengelly,  who  thought  that  there  had  been  a  submergence  of 
40  feet*  With  regard  to  the  hearth  he  admitted  the  difficulty 
pointed  out  by  Mr,  Blanford,  for  there  was  no  doubt  that  this 
resting  on  head. 
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3.  The  Cretaceoits  Beds  at  Black  Yen,  near  Ltme  RBeis,  mth  9ome 
BiTPPLEMENTAET  Behabks  on  the  Blackdown  Beds.  By  Brev. 
W.  DowiTBs,  F.G.S.     (Read  November  5, 1884.) 

FouB  visits,  each  of  three  or  four  hours'  duration,  to  the  same 
section  and  upon  ahnost  consecutiye  days  ought  to  afford  the 
opportunity  for  recording  somewhat,  unless  the  section  be  either 
one  tiiat  is  void  of  interest,  or  already  so  worked-out  as  to  leave 
nothing  further  to  be  recorded.  In  the  present  case,  when  among 
the  previous  workers  are  found  the  names  of  Etheridge,  Meyer, 
De  Bance,  Price,  and  others,  it  may  seem  probable  that  the  subject 
might  have  been  exhausted.  As,  however,  the  writer's  experiences 
do  not  quite  agree  with  all  that  has  before  been  written,  and  as  he 
found  not  a  few  fossils  in  a  bed  hitherto  (as  he  believes)  supposed 
to  be  non-fossiliferous,  a  brief  memoir  may  be  of  service. 

The  section  in  question  is  about  halfway  between  L3rme  Regis 
and  Charmouth,  in  the  sea-diff.  Four  years  ago  there  had  been 
a  landslip  there,  which  necessitated  a  reconstruction  of  the  high 
road.  According  to  a  local  informant  this  landslip  revealed  for  the 
fint  time  the  presence  of  a  bed  of  Gault ;  but  this  statement  was 
certainly  erroneous,  for  fossils  from  the  Gault  bed  seem  to  have  been 
in  the  Jermyn-Street  cases  long  ere  that  date.  But  the  landslip 
seems  to  have  done  some  service  to  geology  in  making  the  Gault  bed 
in  one  place  more  accessible,  and  in  causing  a  new  and  clean-cut 
section  of  the  beds  above  it  to  be  made  in  the  course  of  the  recon- 
struction of  the  road. 

The  whole  cliff-section  may  be  roughly  computed  to  be  300  ft., 
of  which  the  lower  200  ft.  is  Lias,  and  the  upper  100  ft.  is  Cretaceous. 
The  latter  may  be  subdivided  again,  as  25  ft.  of  black  loamy  clay 
attiie  base,  and  above  it  75  ft.  of  yellow  non-calcareous  sand,  with 
a  capping  of  chert  gravel.  Further  westward  the  Greensand  is 
calcareous,  but  not  at  this  spot.  The  Gault  is  of  very  much  the 
same  colour  as  the  lias  beneath ;  but  as  the  former  is  pervious, 
and  the  latter  impervious,  it  appeared  to  be  more  easy  to  trace  the 
boundary  with  the  eye  than  to  traverse  it  with  the  feet ;  for  in  the 
few  places  where  a  ledge  is  accessible  there  is  a  quagmire  of  black 
slush,  the  result  of  the  outbreak  of  springs. 

Mr.  De  Eance,  as  quoted  by  Mr.  Price  (' The  Gault'  &c.  p.  27), 
teUs  us  that, ''  at  Black  Yen,  where  it  (t.  e.  the  Gault)  b  best  seen, 
it  is  divided  from  the  Cowstones  above  by  a  few  feet  of  yellow  sand. 
A  oomparison  of  the  fossil3  from  this  place  with  those  at  Folkestone 
tends  to  correlate  the  Dorsetshire  Gault  with  the  Lower  Gault  of 
Folkestone,  rather  than  with  the  Upper  Gault ;  in  which  case,  sup- 
posing the  Whetstones  in  the  Blackdown  beds  to  represent  the  Cow- 
atones,  they  and  other  portions  of  the  former  may  be  equivalents,  in 
lime,  of  the  Upper  Gault." 
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It  is  with  rofereBce  to  the  above  questioni  that  the  following 
obserratioiis  are  esjMJcially  made*  The  fossila  fouud  in  the  Gault  by 
the  writer  were  33  in  number,  and  in  the  following  proportions  :— 

Lima  parallela 10 

Inoceramua  conoentrieni  ....-..-  0 

Th mcia  ?,  &p , 1 

Modiola?,  sp, 1 

Pinna  tetragons    *  *  3 

Yt^ntis  ?,  gp 2 

Cuculltea  earinata  ?.,....,,...,  3 

Panopipa? 1 

Turrittlla  ^anulata  ?    .  ,  .  , 4 

Hemiaster  ?,  sp,  (crushed  specimens)  2 

33 

Th©  chief  point  to  be  obaerred  with  regard  to  this  list  is  the  great 
preponderance  of  Litna  pnrulhia,  a  form  unknown  in  tbe  Blackdown 
hods,  Inoeeramus  mru^ntrt/nt^^  which  comes  next  in  point  of 
numbers,  ia  nsrlcHft  for  marking  an  horizon,  as  it  opcure  even-where 
in  Crct-aceoua  beds.  Negatively  the  absence  of  B€hmnitts  and  of 
Inoc^mmus  mltatius  is  noticeable  in  comparing  tbis  h^d  with  that  at 
Folkestone.  Of  Amawnites,  I  beheve  that  A.  sphmlen^  is  the  only 
form  hitherto  found. 

This  black  bed  passes  npwanis  into  yellow  sand  of  the  ordinary 
Grcensand  type,  No  fossils  from  the  latter  have,  so  far  as  I  am 
aware,  been  yet  recorded.  I  &e arched  long  without  finding  any. 
After  a  while,  however,  a  careful  examination  of  tbe  roadside  section 
revealed  tlie  fact  that  organic  remains  bad  been  abundant  there, 
though  the  traces  of  them  bad  in  the  large  majority  of  cases  been 
oblitenited,  Tn  some  cases  a  spiraJ  univalve,  '■. /7.,  would  he  trace- 
able only  by  a  spiral  line  of  discoloration,  A\'bicli  fell  to  pieces  on 
being  touched  with  the  penknife.  Elsewberc,  by  verj^  carefully 
removing  the  sand,  many  casta  of  bivalves  were  found.  The  tsand 
Wits,  however,  not  cemented  in  any  way*  It  wtis  simply  balled 
together  like  a  snowball,  and  fell  t^  pieces  with  any  but  the  most 
teiuler  handling.  Of  course  very  few  of  snch  casts  coald  be  identified. 
Indeed,  the  only  f^irm  of  which  I  felt  really  sure  was  Cifpnua  etfn^oUi^ 
which  seemed  to  be  abundant.  The  search  was,  however,  fascinating, 
and  it  led  me  at  last  to  the  discovery  of  a  nest  of  fragmentary  fossils 
silicifie<l,  and  altogether  rcsembhng  very  poor  Blackdown  specimens* 
The  nest  was  a  roiighly  spherical  patch  in  the  sand,  about  1  ft.  in 
diameter,  tlio  matrix  Ix^ing  rather  darker  and  more  ferruginous  than 
the  rest.  Its  origin  appeared  to  be  a  chemical  supenndueed  ehango 
around  a  nucleus  of  some  kind.  In  this  little  spot  I  found  evidence, 
mostly  fragmentary,  of  the  following  forms ; — 
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Cjffma  cunstUa  (abundant). 
Gaviliia  nittrata  (abundant). 

Otthenta  caperaia 4 

frigoHia  scalnicula  2 

duuB^glabra 4 

CjUntm   1 

Etogyra 1 


Cardium  probotcideum  (3  small 
fragments). 

Pecten  orbicularis? 1 

P.  quinquecosiatus (fragment)       1 

Turritella  granulata 1 

Phasianella?,Bp 1 

Serpuku 
Siphonia? 


The  spot  in  which  these  occurred  was  about  50  ft.  above  the  spot 
in  the  Gault  where  I  obtained  the  other  fossik,  and  in  nearly  a 
straight  vertical  line  above  it.  All  my  subsequent  endeavours  to 
find  another  such  nest  of  fossil  remains  proved  futile;  but  its 
occurrence  is  a  remarkable  comment  upon  the  fragmentary  character 
of  geological  evidence.  But  for  this  little  local  alteration  of  the 
matrix,  aflPording  conditions  for  preservation,  and  proving  that  it  had 
ODce  been  teeming  with  life,  the  rock  might  have  been  pronounced 
altogether  barren  of  organic  remains. 

In  this  spot,  then,  50  ft.  apart  vertically,  are  two  very  distinct  hori- 
zons. There  is  but  one  (possibly  not  even  one)  specific  form  in  common. 
That  one  would  be  Turritella  granulata;  but  the  specimen  from 
the  Crault-bed  is  too  poor  a  one  for  exact  determination.  The  fauna 
of  the  upper  bed  is  a  much  nearer  approach  to  the  Blackdown  fauna 
than  that  of  the  lower,  and  for  this  reason  as  well  as  from  its  position,  is 
probably  its  equivalent ;  but  the  absence  of  some  of  the  commonest 
Blackdown  forms  is  noticeable.  Among  the  commonest  Blackdown 
forms  is  Peetuncultis  umbonatus,  and  the  closely  allied  form  P.suhlctvis ; 
these,  however,  at  Blackdown  are  distinctive  of  rather  high  horizons. 
One  might  therefore  be  justified  in  reasoning  from  this  fact  that  the 
npper  Black- Ven  bed  might  be  the  equivalent  of  the  lower  Black- 
down.  But  per  contra  in  the  Black- Ven  bed  we  have  a  great 
preponderance  of  Cyprina  cuneata,  which  at  Blackdown  is  distinctive 
of  a  bed  intermediate  between  the  two  Pectuncidus-heds. 

The  eyidence,  so  far  as  it  goes,  seems  to  show  alternation  of  specific 
horizons.  It  would  seem  as  if  inosculations  due  to  changing  littoral 
conditions  occurred  among  the  beds,  as  before  suggested  by  Prof. 
Seeley*,  with  certainly  a  general  thinning- out  to  the  westward. 
Under  such  circumstances  it  is  questionable  if  we  shall  ever  be  able 
to  subdivide  the  Cretaceous  beds  of  the  West  of  England  into  the 
marked  divisions  of  Gault  and  Upper  Greensand  which  are  applic- 
able to  the  beds  to  the  eastward.  The  black  Lima^arallela  bed  of 
Black  Yen  is,  however,  clearly  of  lower  horizon  than  the  lowest  of 
the  Blackdown  beds  ;  for  it  thins  out  before  reaching  Sidmouth,  and 
apparently  immediately  underlies  the  Blackdown  scries.  The 
general  thinning-out  to  the  westward  is  very  evident.  Mr.  Hudle- 
ston  has  pointed  out  that  the  Lower  Greensand  has  thinned  out 
eastward  of  the  vale  of  Wardour,  though,  according  to  Mr.  Etheridge, 
there  are  some  traces  of  it  to  be  found  in  the  more  southerly  beds  at 
Black  Ven  t.    The  Gault,  as  shown  in  the  coast-section,  evidently 


*  Quart  Joium.  GeoL  See.  vol.  xxxriii.  (1882),  p.  92, 
t  Ibid.  p.  93. 
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thins  out  to  the  eastward  of  Sidmoutli ;  and  my  own  investigations  at 
Black  down  and  Haldon  wiD,  I  think,  prove  that  at  least  the  lower 
two  thirds  of  the  Blackdown  series  have  thinned  out  in  the  hiatne 
which  separate  Ukckdowii  from  Kaldon, 

I  will  heretaketheopportiinitjof  saying,  as  germane  to  the  present 
subject,  that  I  have  a  fuw  additions  to  make  to  the  list  of  Blackdown 
aad  Haldon  fossils  pnbli^ihed  in  the  Quarterly  Joamal  of  1882, 

In  that  lij?t,  under  the  head  **  Actinozoa/*  appears  '*  *  Simlotrochus 
Amittii  (E,  &  H.)  [?  TrochojfmiUa]  T.  C."  As  regards  the  Black- 
down  form,  I  heliov©  it  ought  to  have  been  written  *'  Trochosmilm 
iuh^^rosa  (Ed.  &  H.)  T.  C.  D,"j  but  the  specimens  are  not  good,  and 
Prot  Duncan,  to  whom  I  showed  them,  would  not  he  responsible  for 
their  nomenclature.  This  species,  or  one  elopcly  approaching  it,  is 
less  uncommon  at  Blackdown  than  has  been  suppoBed  ;  but  it  conaea 
from  an  horizon  far  removed  from  that  of  the  Haldon  corals,  and 
therefore  should  not  be  confused  with  them,  I  obtained  five 
specimens  from  bed  3  (see  tabular  view.  Quart.  Jonru,  Geol.  Soc 
Feb,  1882,  p.  84),  whereas  the  Haldon  corals,  mostly  compound 
forms,  are  found  in  bed  13. 

After  Ijiocerftntfi^  sulcaius,  as  Mr.  Meyer  has  pointed  out  to  me, 
ought  to  be  added  /.  sejnisukatm. 

Nucula  ptciimita^  8ow.,  ?  variety.  Tliis  species  is  referred  to 
Blackdown  in  Morris's  Catalogue  ;  but  the  actual  gpecimen  appeared 
to  have  vanished  from  all  known  collections,  I  therefore  omitted 
this  species  in  my  list ;  but  I  have  si  nee  found  it.  Mr.  J.  S. 
Gardner  considers  that  my  specimen  more  resembles  those  &om 
the  Chalk  Marl  than  those  from  the  GauJt, 

Solan tim^  clearly  allied  to  S.  onnitum,  hut  (as  Mr*  J.  S.  Gardner 
has  pointed  out)  differing  from  Folket^tone  specimens  *'  in  ths 
ah9tnC£  of  the  distinct  mw  of  ribs  uhich  cHaul  akmt  hilfwaij  <tcr^i^ 
the  upper  pari  of  Oh  wJufrl/^  The  same  correspondent  inform©  me 
that  my  specimens  verj^  closely  approach  a  form  from  the  Grey 
Chalk, 

In  the  list  of  Haldon  corals  (p.  91)  two  of  the  commonest  fornjit 
have  somehow  been  omitted,  I  allude  to  yUtroamiia  decaphifUa 
(Ed,  &  H.)  and  htk^inm  haldtmermt  (Duncan). 

"  Orh{(i}Iina -dioTt  "  (bed  15).  This,  I  am  now  inclined  to  think,  is 
no  distinct  bed,  but  merely  a  local  variation  from  an  ordinaxy 
chert  bed. 

I  have  also  to  add,  from  bed  13  at  Haldon,  Ehsmostoma  J^orma^ 
nianum^  of  D'Orbigny.  I  am  told  by  Dr.  Hinde  that  this  is  one  of 
the  calcareous  eponges,  since  silicified,  and  that  this  species  alJM> 
occurs  at  Warminster^  and  in  the  Tourida  at  Essen -an-der-Euhr, 

Disoijasroir. 

Mr.  EmEREDOE  generallv  confirmed  the  correctness  of  Mr.Bownes'a 
section.  He  stated  that  a  bed  of  "  Carstone,"  from  1  to  2  fL 
thick,  reatfi  on  the  Lias  of  Bkck  Yen. 


I 
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Mr.  MsTEB  jBtated  that  he  had  not  been  so  fortunate  in  his  visits 
to  Black  Yen  as  to  find  the  bottom  beds  of  the  Cretaceous  un- 
corered;  nor  had  he  succeeded  in  finding  fossils  in  the  sand  above 
the  Gault  He  agreed  with  Mr.  Downes  that  the  Blackdown  beds 
represent  the  whole  or  part  of  the  Gault.  He  himself  had  thought 
at  one  time  that  the  Blackdown  beds  might  represent  the  Gault  and 
Lower  Greensand ;  but  he  had  now  been  led  to  conclude  that  the 
supposed  Lower-Greensand  fossils  from  Blackdown  were  really  of 
different  species. 

The  AijTHOB  was  inclnied  to  regard  the  Blackdown  beds  as  being 
rather  Upper  Greensand  than  Gault ;  but  he  did  not  think  the 
distinction  of  Gault  and  Upper  Greensand  could  be  made  out  in 
the  western  extension  of  those  Cretaceous  deposits.  The  term 
^  Oault "  had  been  used  in  the  paper  to  signify  the  black  argillaceous 
bed,  and  not  as  a  time-limit.  There  were  certainly  many  Gault 
fonns  in  the  Blackdown  beds. 
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4.  NoU  on  tJu  Resemulaxob  of  the  Upper  Molab  Teeth  0/  an 
E(>CE>'E  Mamxa^l  {NEOFLAOiArLAx,  Lemftinf)  to  ihoie  of 
Trittlobok.  Bj  Sir  EicnARD  Owek,  K.C-B.,  F.11.S.,  F.G.S.,  &c. 
tR<»ad  Kovember  19,  18S4.) 

SiioETLT  after  the  communication  to  the  Geologic  til  Society  of  tk 
paper  on  Tritijhdon  *  1  was  favoured  by  tbo  autlior.  Prof.  Ijeraoine, 
with  a  copy  of  his  *  ileraoire/  "  Etude  sur  le  NeopUvjmulax  do  1a 
Fan  tie  luferieure  des  Eurirona  dc  Heima  "  t.  The  chief  interest  of 
that  ^  Memoiie  *  was,  to  me,  the  dental  ehHracters  of  the  smaE 
mammal  there  diecoTered,  especiiilly  those  of  the  upper  molar  teetli; 
while  the  general  charact-cTs  of  the  dentition,  by  their  resombiance 
to  those*  of  the  Mesio?:oic  FhufMtdftx\  are  aUo  notably  siiggeative  J, 

With  a  premolar,  in  relative  size,  shape,  and  sculpturing  of  ctowd, 
so  elo.sely  repeating  the  peculiarities  of  that  tooth  in  our  Oolitic 
marsupial  as  to  have  augge.^te(l  the  generic  name  of  the  lower 
Eocene  mammal  of  Keiras  (Neoidafjimdux)^  were  associattnl  true 
molars  more  noariy  resembling,  in  those  of  the  upper  jaw,  tb© 
corrasponding  teeth  of  Tr'tUjhi<hn  thiin  did  the  teeth  of  the 
genera  J/i(;ro/f;?/<f^  and  Strreof/nathtw  with  which  I  compared  them  §. 

Figs.  1-3. — Upper  Molar»  of  Neoplaj^iaulax  eocionus,  Lemmne^  aflrr 
Latmni\  BM.  Soc.  GeoL  Fr,  sei\  3,  tow.  xi.  pi,  vi,  fim,  17  «» 
111,  t^ll€. 

Fig.  1.         Fig.  2.     Fig.  3. 


^^^f^     WMr     vWw 


1 .  From  b£nic«lh,  2  &  3.  From  the  eides.  a,  KatumI  siie. 

The  figuretj  17  ",  17  /,  17  ^,  ph  ri,  of  M.  Lemoine*s  ^Memoire* 
appended  to  the  present  note,  will  enable  the  resemblanee  of  tbo 
upper  raolnrs  of  Nt^phtifutnlax  eoctgnvs  to  those  of  Trttt^lodon  to  he 
appreciated.  In  .si/othe  ditfercnceis  almost  as  great  as  that  shown 
by  the  molars  of  Mierohs^iti^  |[,  And  here  I  mny  observe  that,  as 
the  lower  molars  of  I^ieoplrtffutitlaje  have  only  two  longitudinal  series 
of  tnbereh?8,  it  suggests  a  surmise  that  the  lower  molars  of  Trit}/hdnn 
may  be  found  to  prL-sent  the  same  less  complex  character  as  com- 

*  Qufirt.  Juum.  Ge<jl.  Sc«.  Feb,  1HS4,  Tob  il.  p.  24ll.  pi  ti. 

t   Rulletiii  <le  la  Society  Gtiolngiqvn?  rie  France,  Ikt  eeriep  L  xi.  p.  249. 

I  t'oTnpure  *' pL  v,  figgs.  1-3,"  with  fign.  1>  and  ICi,  pi.  iv.  of  my  **  ExtTii<i 
Mttrsupiiili  of  Englftudp"  pp.  liy-Sl^  m  tlie  *  Exthict  MammAiii  of  Au^trftltA.' 
4to,  1877,  p.  7ft. 

i  Loc.  cif  pp.  I'lO,  151. 

I  i.(?r.  cit,  pi.  Ti.  flga,  8-10  (magii.  3  diameti*rs). 
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pared  with  the  upper  ones ;  and,  at  the  same  time,  that  the  rare 
detached  molars  on  which  the  genus  Microlestes  is  founded  may  be 
also  those  of  the  lower  jaw. 

I  add  the  following  paragraph  from  the  close  description  by 
Prof.  Lemoine  of  the  upper  true  molars  of  his  rare  and  interesting 
fossil: — 

"Molaires  tuperimres  (pi.  vi.  17-17  his)  pr^entent  trois 
rangees  de  denticules  bien  caracteristiques." — "  La  rangee  mediane 
de  denticules  se  trouve  s^paree  des  deux  rangees  laterales  par  un 
sillon  assez  large.  Les  ranges  laterales  de  denticules  bordent  de 
chaque  cote  la  couronne  ;  les  denticules  en  question  sent  de  mdme 
fonne  que  les  denticules  medians,  mais  ils  sent  plus  petits.  Nous 
STons  compt^  cinq  denticules  pour  chacune  de  ces  rangees  "  (he.  cit. 
p.  260). 

Here  is  indicated  the  chief  difference,  besides  size,  between  the 
upper  true  molars  of  Neoplagiaulax  and  Tritylodon.  In  the  latter 
the  tubercles  ("  denticules")  do  not  exceed  three  in  number  in  the 
middle  row  and  the  inner  row,  and  are  but  two  in  the  outer  row : 
and  they  are  of  proportionally  larger  size. 


DiscxrssioK. 

The  Pkesident  expressed  his  regret  and  that  of  the  Society  that 
the  care  which  the  author's  health  now  required  prevented  him  at 
this  season  of  the  year  from  being  present  at  the  reading  of  the 
paper. 

Prof.  Seelet  referred  to  the  discovery  by  Dr.  Fraas  of  teeth  of 
tiie  Trias  of  Wurtemberg,  to  which  he  gave  the  name  of  Triglyphus. 
Prof.  Neumayr  of  Vienna  had  lately  pointed  out  the  resemblance 
hetveen  the  teeth  of  Tritylodon  and  Triglyphus,  He  could  not 
agree  with  the  author  in  thinking  there  was  any  evidence  that  the 
molars  of  the  lower  jaw  had  only  two  rows  of  tubercles. 

Mr.  Ltdekxeb  also  doubted  the  truth  of  the  author's  suggestion 
concerning  the  teeth  of  the  lower  jaw.  He  thought  that  the  con- 
dition of  the  teeth  in  the  upper  jaw  of  Tritylodon,  the  fourth  molar 
bttng  less  worn  than  the  fifth,  pointed  to  the  conclusion  that  this 
form  belonged  to  the  Marsupialia  rather  than  to  the  Eutheria. 
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3.  Oft  fli€  Ihi^mYVMX  in  t>n  »>/*  the  Boxe-catks  0/  Creswell  Cxam 
ofn  fnfi'titnt  iiffh.  \'vyv.\\  J  \  w  o/'Eu:pn:AsrRiia:©Em.Ti8,e:(miaininj7 
in  aitu  tht-  firi^f  ttttfl  A^tvn„ff  Miu^-ifOLARi^  (ritjJit  side).  By  A.  T. 
MmiALFEi  J:8(|,,  iVJ.S.     t  Ueud  November  19.  1SS4) 

I  PK-*T[iE  to  hnnjr  iiTifler  tlu*  liotino  nf  the  S^ocit'ty  a  portion  of  the 
Tijjprr  j?nv  (jf  Efejihfd  priffiiijrtunB^  coutainin^ /n  jiitu  the  firat  and 
SOI  oiinl  milk-raitkri^,  dii^eovored  hy  myst^U  m  one  of  the  "bone-e&TM 
f>f  Creswell  Grilles. 

It  will  he  ivmomlirrrd  (hat  tlioiio  cava^  Imvo,  durinj?  thekfit  tet 
Y(^arfl,  throu^^h  tlto  (^xirtionB  of  tho  Ttov.  ,T.  Sf/MoUo,  F.GA,  teen 
t?yf^t<^mLitieHl.]>-  oxplori  <l  undor  tlio  fmsjiioes  of  n  committee  of  th» 
liritish  Assoijalion,  nn\\  iUM  |>up<Tt*  ibstTibma:  the  ca^e.^  and  giftoit 
tito  rosuUs  (}f  tho  cxi*loratinris  have  r:(p]ifmro(l  in  tha  Rocietj*8  JonmaJ* 
Tht^  RptniineTi  now  on  Iho  ta1^1e  wtw  obtained  by  mo  prior  to  tbeae 
explonif  ions.  In  seeuriniz  it,  therefore,  I  in  no  way  interfered  with 
miy  nuthori^od  iTivosti«>Htioiw ;  fur  none  hfid  then  been  set  on  foot  I 
ftmnd  the  i^peciraen  in  the  red  yand  ar  eave^eartb  of  the  *^  Pin-iiolu 
Cav<?/'  ?md  quite  at  its  ontrfLnee.  Thic;  eavo  is  the  most  westerly  OH 
the  nortJi  or  DiriFV shire  ^ide  of  the  rEiTirH.%  and  has  been  fallT 
descrihc'd  l)y  Mr,  Melli»,  who  ^\o.s  Hie  tuUowijig  aoction  of  its  bedi 
(Quart.  Jo  urn.  Geoh  Soi\  vol.  xxxi.  p.  Ci^l): — 

1.  Surfacv-eoil,  ciuit mil im ^  n- will  po^ti^ry,  hoficM  Air.,  ]-fi  im'he«. 

2.  Dntrift    rt-d   sniKh  with  roik^h   hloL-k^  uf   mRgtiPsiau    hniestone,  qmftn 

quttrtzit-c.  anil  otltfr  |»L*hhlt^.  and  niimeToufi  boin*s,  3  fiset, 

3.  LiglUtT-eoloiirccI  iinnih  eoijMolfilnial  hy  infJhmtion  afliiiie-     No  bon«•(^^ 

Sir  liichard  Owvii  litis  vtT\  kindly  nndcrtiikefn  to  describe  mj 
spprimen.  He  informed  me  Bome  time  ngo  that  the  National CoUectioo 
Lad  cvifh-iicea  of  all  the  phages  nf  dentition  of  the  mamnioth  except 
the  ejirlioHt,  wlut-li  is  t^xerayjlified  in  the  smaU  anterior  tooth  in  ti* 
portion  of  jaw  di^covorofl  by  me,  and  that  the  true  valae  of  mj 
speeiracn  wtnild  bo  it8  i-omj^hfion  of  the  sories  now  arrang^  fiJST 
puhlie  instruction  in  the  Eritisli  Museum.  I  Eatarally  f^  that 
a  tiu^ge^tion  from  stieh  a  hi^h  <|uart0r  eannot  be  dieregartieflt 
and»  in  aeeordaiice  thereT^nth,  I  havt*  imdertaken  to  present  th* 
Bpecimen  to  the  British  Mnseum. 
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6,  Notes  on  Bexaiks  0/  Eleph  ab  PBnaoENixTS  from  one  of  the  Ckeb- 
WELL  BoKE-cATEs.  By  Sir  BioHABD  Owen,  K.C3.,  r.K.S. 
F.G.8.,  &c.    (Bead  November  19,  1884.) 

OunsB,  in  hiB  chapter  "  Sor  les  El^phaiiB  Fossiles "  *,  notices  a 
fossil  molar  tooth  ^scovered  at  Fouvent  as  having  come  from  a 
very  yonng  individual  and  as  being  "  une  vraie  molaire  du  lait ;"  a 
figmre  of  the  grinding-sorface  is  given,  of  the  natural  size,  in  pi.  xii. 
fig.  2.  The  antero-posterior  extent  of  that  surface  is  22  millim., 
the  extreme  transverse  extent  is  13  millim. 

The  difference  of  size  between  the  tooth  figured  by  Cuvier  and 
that  preserved  in  the  jaw  in  Mr.  Metcalfe's  specimen  is  such  as  to 
suggest  one  of  specific  value ;  but  the  greater  degree  of  wear  to 
wl^ch  the  Cresswell-cave  fossil  has  been  subject,  during  life,  and 
the  inability  to  compare  it  with  the  original  of  the  fig^ure  above  cited, 
prevents  such  conclusion.  The  second  detached  molar  figured  by 
Cuvier,  and  noted  as  a  *'  second  molar  of  a  young  mammoth,"  shows 
no  such  increase  of  size :  it  is  stated  to  have  been  derived  from  the 
environs  of  Toulouse. 

Subsequent  figures  and  indications  of  the  first  and  second  molars 
ascribed  to  ElepTias  primigenius  represent,  like  Cuvier's,  detached 
teeth  or  tooth-crowns,  leaving  it  undetermined  whether  they  be  from 
Ae  upper  or  the  lower  jaw. 

In  the  account  of  the  succession  of  the  molar  teeth  of  the  existing 
Indian  Elephant,  the  first  molar,  upper  jaw,  has  a  crown  20  millim. 
in  antero-posterior  diameter,  13  nullim.  transversely;  the  crown 
consbts  of  four  principal  plates  and  a  fifth  smaller  one,  or  "  talon  "  t. 
That  the  Elephaa  primigenius  had  a  similar  first  grinder  of  the  series 
was  indicated  by  the  socket  in  the  lower  jaw,  from  brick-earth  at 
Bford,  Essex  J.  A  reduced  view  is  given  of  the  crown  of  the  second 
molar,  lower  jaw,  from  Kent's  Hole,  showing  eight  transverse 
plateB  and  a  talon  §. 

The  specimen  which  Mr.  Metealfe  has  kindly  submitted  to  me 
(figs.  1  &  2)  is  the  first  I  have  seen  which  demonstrates  the  char 
racters  of  the  first  and  second  upper  molars  in  situ.  It  is  a  portion 
of  the  fore  part  of  the  faiaxilla,  showing  the  bony  palate,  with  those 
teeth  of  the  right  side ;  the  corresponding  sockets  and  teeth  of  the 
left  side  are  broken  away.  The  two  molars  have  a  longitudinal 
extent  of  three  inches  and  one  line  (=78  miUim.).  The  worn  sur- 
&ce  of  the  foremost  has  a  length  of  14  millim.;  that  of  the  second 
molar  of  60  millim. ;  but  the  entire  length  (fore  and  aft)  of  this 
tooth  is  2^  inches  (=62  millim.),  the  two  hindmost  divisions  of  the 
tooth  not  having  risen  into  use. 

*  B«cherdiet  tur  les  Ossemene  Fossiles,  ed.  8vo,  1824,  tome  ii.  p.  175. 
+  Odontomphy,  4to,  1845.  p.  632,  pi.  148.  fig.  2. 
t  Britiah  Fossil  Mammals,  p.  223. 
{  Ih  p.  224,  fig.  87. 
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am  R.  OWEN  oir  eemains  of  elefhas  PBiifieEirnrs* 


Fig.  l.^Umkr  or  palatal  view  of  a  portion  of  ihe  forepart  of  the 
Maxillnrif  Boms  of  Elcphas  primigenius,  with  the  Orimla-i  of 
the  right  nidt,     (Natural  size.) 


(f|,  fl?^.  First  Rnd  second  grmckrs. 


a.  Worn  root  of  first  grmder. 


Ilg.  2, —  Outer  skh  view  of  a  portion  of  the  Bif/ht  Ma^tHlarif^  with 
thejtrst  and  second  Grinders  f/Eiephas  primigemils.  (Natural 
site.} 
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The  worn,  flat,  and  smooth  surface  of  the  first  molar  in  annexed 
sketch  (Fig.  1,  d^)  shows  the  foremost  plate  almost  worn  away ; 
the  second  plate  retains  a  feeble  indication  of  two  of  its  manmiilloid 
prominences  ;  the  third  and  fourth  plates  have,  each,  indications  of 
four  Buoh  prominences ;  but  their  grinding-surface  has  been  worn 
down  to  a  hind  '^  talon,"  which  liad  just  come  into  use.  The  original 
imwom  or  little- worn  surface  of  this  molar  would  have  nearly  the  size 
of  the  tooth  from  Fouvent,  and  indicates  that  to  have  come  from 
the  upper  jaw.  The  roots  of  the  more  worn  molar  in  the  Gresswell 
ipeoimen  are  fully  developed ;  the  anterior  one  (Fig.  2,  a)  extends 
in  a  forward  curve,  with  its  closed  end  13  millim.  in  advance  of  the 
part  of  the  crown  it  supports.  The  crown  has  been  worn  down  to  a 
Bohtriangular  figure  with  the  apex  forward;  the  breadth  of  the 
grinding-surface  near  the  base  is  15  millim.  The  greatest  breadth  of 
the  second  molar  (d^)  where  the  hinder  root  begins  is  1|  inch 
(s32  millim.).  Of  this  tooth,  the  fractured  surface  of  the  right 
maxillary  exposes  three  roots,  the  first  and  second  diminishing  to 
didr  almost  closed  ends ;  the  common^  widely  open  pulp-cavity  of 
tile  hinder  root  is  also  exposed ;  its  subsequent  division  into  an  outer 
and  inner  fang  is  indicated. 

The  speoific  distinction  from  Elephas  indicus  is  shown,  in  the 
present  portion  of  Elephas  primigenius,  by  the  greater  relative 
breadth  of  the  second  molar,  especially  towards  the  base  of  the 
crown. 

The  thickness  of  the  constituent  enamel-clad  plates  is  but  little 
less  in  proportion  to  the  mass  of  the  crown  than  in  the  larger  variety 
("  Dauntdah  "  of  Corse)  of  EkpJuu  indictu.  But  these  plates  show 
their  specific  proportions  in  a  more  marked  degree  as  the  subsequent 
progressively  larger  molars  are  acquired. 

The  portion  of  the  bony  palate  owes  its  transverse  concavity 
diiefly  to  the  development  of  the  inner  wall  of  the  molar  sockets. 
The  broken  surface  above  that  plate  gives  indications  of  pneumatic 
eavities. 

In  contemplating  this  rare  relic  1  have  not  been  able  to  suppress 
sympathy  with  the  unhappy  juvenile  British  elephant,  which,  long 
ages  ago,  fell  a  prey  to  some  dire  contemporary  spelaean  carnivore, 
bj  whose  jaws  the  immature  skull  has  been  reduced  to  fragments. 


Discussion. 

Mr.  Ltdekkeb  said  that  there  was  some  ambiguity  about  the 
terms  first  and  second  milk-molars ;  they  are  better  termed  ante- 
penultimate and  penultimate.  There  may  be  another  anterior 
mOk-tooth  abnormally  developed,  and  one  specimen  of  the  African 
Elephant  in  the  British  Museum  apparently  contains  this  tooth. 
The  specimen  now  exhibited  and  described  is  not,  however,  the 
only  one  with  the  milk-molars  in  situ;  there  is  another  in  the 
Bright  collection  from  the  opposite  side  of  the  upper  jaw,  but  from 
an  unknown  locality. 

Q.J.0.8.  No.161.  B 
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Prfff*  Sfelkv  slatcfl  that  ii  tiipetimeii  of  the  full  first  dt-ntitioa  of 
Efi/fhff,'i  pi'iitii'fftitiit.^,  Ciymiivmn^  the  teeth  of  both  ujiper  and  lower 
pu.s,  tViiiud  in  tlie  piovdK  of  linnnvdl  near  Camhiidgts  ^as  tVmerfy 
in  the  Wiif»dwLirdi,iii  Mnsciim.  It  was  lent  to  ttie  late  Br.  Fftkoner, 
and  ufter  his  lumeiitid  dett'ogo  it  eould  not  bo  found, 

Dr,  H.  Woo|^^\^\IEIl  sitated  tlint  a  specimen  of  Efvphm  finiifm, 
with  milk-iuohirs  ttt  ,s/^^,  existed  in  the  Mnseum  of  Practiui! 
Geoiuj^^y.  He  was  not  quite  certain  whetlier  the  specimen  on  die 
table  did  not  heloiij;  to  the  aamr  sjiccie^*  The  specimen  in  the 
Brip;ht  eoUeetion  h  ako  Ijibelled  E.  nntiqum.  Young  teeth  of 
L\jiiuniij(nf(i.^hnTe  been  ibnnd  in  abundance  at  Tlford  and  elECwhaie 
in  the  Thames  valley,  alJ  proving  that  the  animal  wob  indigeaoufl  ill 
Brituiu.  The  spodmon  exhibited  was  of  great  iJiterest  as  its  esact 
loeality  \Ta^  known. 

ifr.  K.  T.  ^'  EWToN  remarked  tliat  the  specimen  in  the  Museum  of 
Practical  Ucokigy  was  ^miVar  to  that  on  the  table,  but  it  was  very 
diflicuU  to  dis^tin^uisli  between  tlie  youiig  mokrs  of  the  tTS'o  sjjecies 
rcfi  rrcd  to  \vith<>ut  caref^il  comiiarisjon. 

Mr.  Metcalik  expressed  hiti  tbaiiks  to  Sir  Kichartl  Owea  for 
hia  kindnei^n  in  describing  the  specimen,  and  to  the  Fellows 
of  the  Soeiety  for  the  manner  in  whieh  they  bad  received  ^Ma 
coiain  indication. 
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7.  On  the  Stratioraphical  Positions  of  the  Trigonis  of  the  Loitbb 
and  ILcDDLE  Jubassic  Beds  of  North  Oxfordshire  and  adjacent 
Districts.  By  Edwin  A.  Walford,  Esq.,  F.G.8.  (Bead 
November  19,  1884.) 

[Platb  I.] 

A  WEUrdefined  family  of  the  MoUosca  making  its  appearance  and 
attaining  ita  maximum  deyelopment  within  a  limited  geologic 
period  mnst  necessarily  be  of  exceptional  interest  to  the  palsoonto- 
logist.  Sach  a  family,  the  Trigoniae,  though  from  their  irregular 
dispersion  and  less  vagrant  habit  inferior  to  the  Ammonites  as 
stratigraphical  guides,  supply  nevertheless  no  unimportant  evidence 
thereon,  finding,  as  they  do,  a  birthplace  in  the  lower  beds  of 
the  lias,  and  in  the  Inferior  Oolite  leaping  into  such  numerical 
luxuriance  that  Dr.  Lycett  has  well  described  it  as  "  a  very  metro- 
polis of  the  TrigoniaB."  Though  fairly  represented  in  the  higher 
Jurassic  series,  yet  with  gradually  diminishing  importance  notwith- 
standing a  brief  I^eocomian  revival,  they  range  through  the  Meso- 
loic  period,  and  now  in  Australasian  seas  linger  as  the  remnant  of 
a  once  dominant  race. 

In  wealth  of  individual  forms  as  well  as  in  number  of  species  the 
narrow  Jurassic  area  of  North  Oxfordshire  stands  prominent.  As 
elsewhere,  the  lias  species  are  few. 

LiAssic  Species. 

Tbiookia  ungokensis,  Dumort. — ^In  the  zone  oi  Ammonites  HenUyi 
of  the  Middle  lias  of  Banbury  a  doubtfdl  cast  of  this  species  has  been 
found.  I  have  recorded  it  also  from  the  zone  of  Ammonites  spinatus  * 
at  Kings  Sutton  and  Aston-le-Wall,  localities  on  the  borders  of  North- 
amptonshire. At  Preston  Capes,  in  Northamptonshire  also,  it  has 
been  collected  by  Miss  Baker  f. 

TrIOOXIA  KORTHAMPTOIffEKSIS,  UOV.  Sp.      (PI.  I.  figS.  4-7.) 

The  few  immature  forms  of  this  species  which  had  come  under 
mv  notice  until  quite  recently  caused  me  to  refer  them  with  some 
degree  of  hesitancy  to  the  Yorkshire  shell  T.  literaia,  Y.  &  B.  The 
adoption  of  a  new  name  has  seemed  necessary  under  the  additional 
light  thrown  by  the  acquisition  of  a  better-developed  series  of 
examples  and  by  an  expression  of  opinion  from  a  palsdontologist 
of  wider  experience  than  myself.  Though  perhaps  the  differences 
between  the  two  forms  may  to  some  extent  be  due  to  regional  varia- 
tion, yet  we  have  to  remember  that  in  the  course  of  the  lias  from 
Toikshire  through  Lincolnshire  and  Leicestershire,  no  connecting 
link  seems  to  have  been  met  with. 

*  "  On  tome  3Iiddle  and  Upper  Lias  Beds  in  the  Nei^bourhood  of  Ban- 
barf,"  by  S.  A.  Walford  (Proc  Warwicksh.  Nat  &  Arch.  Field  Club,  1878). 

t  •^  On  the  Middle  Lia«  of  N.  GlouoeBtenhiro,"  by  the  Bev.  F.  Smythe,  M.A. 
(Proe.  Oott.  Ifat  dab). 

d2 


Digitized  by 


Google 


W  E»  A,  TVALFORD  OK  THE  BXKATIORlPHlCAL 

Shell  ovately  trigonal,  moderately  convex,  timbones  erect,  pointed 
and  ant  em-mesial.  The  specimen  (fig*  5,  PI.  I.)  measures  in  height 
1|  inch,  breadth  1|  inch,  depth  tkrougli  both  valves  \^  inch.  An- 
terior side  produced  and  cnrrinp^  Bomewhat  steeply  to  meet  the  lower 
border ;  sujicrior  border  filijj^htly  convex,  making  but  a  faint  anirle 
with  the  lower-area  border.  Inferior  margin  of  the  sheU  rather 
etraightened,  Eacutcheon  concave  and  lengthened.  Area  oonvcx, 
occupying  about  a  quarter  of  the  surface  of  the  shell  Mai)ginil 
carina  depressefl  and  not  prominent ;  meaiid  lino  of  the  area  indi- 
etinct :  area  covered  with  fine  transverse  lines.  The  nearly  perpca- 
dicular  coHt^,  about  ten  in  number,  proceed  from  the  maiipMl 
carina  downwards,  beginning  near  to  the  nmbones ;  they  are  boldly 
marked  until  they  reach  the  transverse  subtnberculate  costie  pro- 
ceeding from  the  anterior  margin.  The  transverse  costa;  dip  gently 
downwards  from  the  anterior  border.  Traces  of  transverse  striae 
cover  the  better-preserved  portion  of  the  surface. 

The  example  described  is  much  less  convex  than  T,  UttraUu,  and 
in  the  ornamentation  the  perpendicular  costa?  are  not  prominent 
over  more  than  a  third  of  the  snrface,  whereas  in  T,  liierata  that 
eerioa  occupies  its  larger  portion, 

A  second  group  of  shells  (figs.  4,  fi,  7,  Vh  !•)  presents  many 
points  of  divergence  from  the  form  just  described.  In  some  of 
them,  as  in  figs.  0  &  7,  the  outline  is  more  oblique,  and  the  antcul 
coatflc  are  either  reduced  to  insignificant  proportions,  or  are  appa- 
rently absent.  This  condition  much  resembles  the  t}'pe  of  i«D 
figured  by  Lycett  (pi,  xiv.  fig.  4,  Brit,  Foss,  TrigouiaD),  who  speib 
also  of  the  very  variable  ornamentation  of  T,  fiterata.  The  per- 
pendicular costUQ  of  this  variety  of  Tntjonia  nortJKtmjjtotienwU  enlarije 
as  they  pass  downwards  from  the  marginal  carina,  and  cross  towardi 
the  anterior  or  lower  border. 

Fig.  4  presents  an  intermediate  stage  between  the  forms  repre- 
sented by  figs.  5  &  6.  The  anterior  tuber ciil ate  costa*  are  seen 
curving  slightly  downwards,  transversely,  towards  the  posteal seriti, 
the  space  between  the  two  series  being  occupied  by  a  few  scattered 
tnbercles. 

Tdfjonm  navin^  Lamk.,  has  a  more  trigonal  contour,  and  a  nearly 
vertical  anterior  border.  The  Northamptonshire  shells  apjiear  to  be 
local  representatives  of  the  group  Scaphoidae,  finding  a  pla^  soma- 
where  between  T.  natk,  Lamk.,  on  the  one  hand,  and  T»  UUraiOf 
y.  &  B.,  on  the  other.  Their  state  of  presentation  b  far  irtm 
satisfactory :  the  soft  test  has  peeled  off  more  or  less  by  adhesioa 
to  the  tenacious  blue  clays  in  which  the  shells  are  imbedded,  and 
this  has  in  nearly  every  case  destrgycd  the  beauty  and  pr<»minenoe 
of  the  ornamentation.  Perhaps  the  finding  of  better  examples 
mm  ultimately  allow  the  two  varieties  figured  to  b«  reoognized  M 
species. 

I  am  indebted  for  my  specimens  to  Mr.  B.  Thompson,  F.G.8,,  of 
^Northampton,  who  has  been  describing  the  Liaa  deposits  of  tbo 
county.  The  Trigonim  were  obtained  from  Moulton,  near  North- 
ampton, and  rough  casta  have  also  been  fomid  at  Bugbrook  in  tbd 
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same  county.  The  interest  of  the  discovery  is  farther  enhanced  by 
the  recognition  of  the  exact  horizon  of  the  fossil,  at  nearly  the  top 
of  the  Upper  lias  and  below  Mr.  Sharp's  stage  E  of  the  Northampton 
Sand.  Mr.  Thompson's  notes  on  its  position  agree  with  my  own. 
He  writes,  ^^  The  shelly  band,  a  few  inches  in  thic^ess,  is  about  two 
feet  below  the  junction  (with  the  Inferior  Oolite)  where  now  work- 
ing ;  but  the  men  say  it  dips  so  rapidly  on  each  side  of  its  present 
position  that  they  had  met  with  it  in  the  same  pit  thirteen  feet 
below  the  junction."  The  associated  fossils  are  Ammonites  hifrans, 
Brag.,  Ghresslya  cUynaciformis,  Phil.,  Inoceramus  duJbitis,  Sow.,  Fro^ 
tocardium  ttihstriatulumj  d'Orb.,  Cuetdlcea,  sp.,  &c. 

TBicK)ifiA  PULCHELLA,  Ag. — This  also,  an  Upper  Lias  form,  has 
been  recorded  from  the  neighbourhood  of  Northampton,  though  only 
as  a  Drift  fossil*.  Probably  ere  long  we  may  hope  to  have  a  record 
of  the  discovery  of  the  species  in  situ^  as  a  layer  containing  small  uni- 
valves  (CerUhium^  &c.),  similar  to  those  found  by  Mr.  W.  D.  Carr, 
ia  the  Upper  Lias  of  Lincoln  f  associated  with  T,  puUheUa^  has 
already  been  noted  by  Messrs.  Thompson  and  Crick.  The  Lincoln- 
shire horizon  of  T.  ptUchella  appears  to  be  much  lower  than  that  of 
T,  iunihamptonensiSf  the  former  being  at  the  base  of  the  Leda^ovum 
beds,  the  latter  towards  the  top. 

LlFEBIOB  OOLTTB  SfEOIES. 

The  Trigonisa  of  the  Northampton  Sand  have  been  catalogued  by 
Mr.  R.  Etheridge,  F.R.S.t,  and  by  Mr.  Sharp,  E.G.S.  §  It  should, 
however,  be  borne  in  mind  that  the  Inferior  Oolite  of  Oxfordshire 
neither  satisfactorily  agrees  with  the  <^  Northampton  Sand  "  on  the 
one  hand,  nor  allows  of  easy  correlation  with  the  Cotteswold  type 
on  the  other.  Inasmuch  as  the  latter  series  has  presented  many 
points  of  relationship,  I  have  attempted  a  comparison  ||,  and  have 
summarized  the  matter  in  the  following  table,  here  slightly 
altered:— 

•  "On  the  Drift  deposits  of  Wymington,"  by  W.  D.  Crick  (Northampton 
Nat  HiiL  See  Proceed  1883). 

t  "On  the  linoohi  Lias,"  by  W.  D.  Carr  (Geo!.  Mag.  April  1883). 

t  Appendix  to  Prof.  Judd's  Qeol.  Butland,  by  B.  Ethendge,  F.B.S.  (Mem. 
GeoL  Sarv.  1875). 

i  "Oolites  of  Northamptonshire,"  by  S.  Sharp,  RG.S.  (Quart.  Joum.  GeoL 
A)CToLxxri.p.  388). 

I  "On  the  BeUtion  of  the  so-called  '  Northampton  Sand  '  of  North  Oxford- 
abireto  the  dypeus-grit,''  hy  Edwin  A  Walford,  F.a.S.  (Quart.  Joum.  QeoL 
SQe.T6Lxzxiz.p.224). 
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Ab  far  eastward  as  Chipping  Norton  and  Pawler,  in  N.W.  Oxlbrd- 
shire,  the  continuity  of  the  upper  beds  of  the  Inferior  Oolite  of  the 
Cotteswold  type  (the  Ragstones  or  Clypeus-grit)  is  easily  traceable. 
North-eastward  of  these  points,  however,  so  widely  diflferent  are 
the  conditions  of  deposit  that  Mr.  Hudleston  has  well  said  * : — "  The 
beds  of  this  region  have  a  type  of  their  own,  and  it  is  no  use  trying 
to  force  them  into  the  ready-made  clothes  of  other  districts." 

The  bed  (C^)  at  the  bottom  of  the  Clypeus-grit  (C*)  at  Pawler, 
and  that  at  the  base  of  C  at  Hook  Norton  are  similar  lithologically, 
and  both  contain  an  abundance  of  concretionary  and  derived 
fragments.  Associated  with  these  in  each  locality  are  corals  of 
siimlar  species,  blocks  of  limestone  covered  with  oysters  and 
pierced  with  LUhodomi,  numerous  shells  such  as  Astarte  minima^ 
0$trea  MarshU^  Isoeardia^  sp.,  Trigonia  producta^  T.  costata,  and 
T.  anffulcUa,  With  so  many  features  in  common,  it  will  be  safe  to 
aasnme  the  connexion  of  the  seas  of  these  areas  with  each  other  at 
the  time  of  the  deposition  of  the  bed,  whilst  the  irregularity  of  its 
occurrence  at  Fawler,  where  the  bed  rests,  as  at  the  Duckpool-Farm 
catting,  near  Hook  Norton,  upon  the  Upper  Lias,  points  also  to 
long  and  continued  erosion  in  the  antecedent  period.  The  classi- 
fication of  these  beds  with  the  zone  of  Ammonites  Parkinsoni  on 
the  one  hand,  or  the  zone  of  Ammxmites  ffumphresianus  on  the 
other,  will  depend  much  upon  whether  we  look  to  the  Cotteswold  or 
to  the  Dorset  types  for  comparison.  The  fauna  is  that  of  the  Lower 
Trigonia-grit,  a  division,  according  to  Dr.  Wright,  of  the  zone  of 
AmmoniUs  Parkinsoni,  but  placed  by  Mr.  Witchell  f  in  the  zone  of 
Ammonites  Humphresianus,  If  the  remains  of  the  bored  bed 
represent,  as  seems  to  be  probable,  the  well-known  Upper  Freestone 
fied,  then  it  would  point  to  the  destruction  of  that  stratum  prior  to 
the  formation  of  the  lowest  bed  of  series  C. 

The  *  Supplementary  Monograph  on  the  British  Fossil  Trigoniae,' 
by  the  late  Dr.  Lycett,  published  in  1883  by  the  Palseontographical 
Society,  has  done  much  to  increase  our  ^owledge  of  the  strati- 
graphioal  position  as  well  as  of  the  species  of  the  Oxfordshire 
Lower  Oolites.  Some  additional  information  accumulated  since  the 
materials  were  sent  to  Dr.  Lycett  in  the  early  part  of  the  year 
1882  has  induced  me  to  proffer  these  notes  to  the  Society. 

Tbigokia  Bbobiei,  Lye,  a  pretty  little  local  species,  is  not  un- 
common in  the  Lower  Inferior  Oolite  beds  A  and  B\  Its  occurrence 
in  any  higher  stratum  is  doubtful.  It  is  nearly  allied  to  T,  fonnnosa. 
Lye,  of  which  it  may  possibly  be  a  local  development.  The  pro- 
minent distinguishing  feature  between  the  two  species  consists  in 
the  more  vertical  position  of  the  lower  costae  of  T.  formosa.  The 
beds  A  and  B  seem  to  represent  the  zones  of  Am,  jurensis  and 
Am,  Murchisonos, 


^  ''Bepoit  of  the  Exoaraion  of  the  GeologistB'  ABSooiation  to  Chipping 
orton,"  by  W.  H.  Hudleston,  M.A.  (Proc.  Geol.  Asioc.  vol.  v.  no.  7,  p.  9). 
t  'Geology  of  Stroud,'  by  B.  Witchell,  F.a.S.,  p.  67.    Stroud :  188^ 
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Trigokta  P0BM08A,  Lyc,— ThoTigh  it  may  appear  tm satisfactory 
to  class  T.  Bt-odiei.  T.  forrmsa,  and  T,  striuta  from  the  same 
horizon  and  locality,  yet  certain  tv ell-developed  sheila  of  the 
'*  JBrodiei  '*  type  pajsa  away  into  forma  which  agree  so  well  witli 
moderate-sized  examples  of  T.fornwsa  that  it  seems  to  l>e  neceefiary 
either  to  make  T.  Brodiei  a  Tariety,  or  to  admit  the  former  into 
the  Oxfordshire  list.     Locality  :  Hook  Norton,  beds  A  and  W, 

TfiiaoNiA  STRIATA,  Miller,  is  found  sparingly  and  in  an  indifferent 
Btate  of  preservation  in  the  beds  A  or  W  of  tHley  HiH.  In  Glouces- 
tershire, according  to  Wright  ♦,  it  occurs  in  the  **  Cynoeephala 
stage,**  whilst  Lycett  records  it  from  the  zone  oiAm,  Uvmphremaiius 
only,  referring  the  shell  from  the  lower  zone  to  T,  fomiosa, 
T,  striata  \a  catalogued  aa  common  in  the  Lincolnshire  Limestone* 
Other  Survey  Memoirs  f  quote  it  from  the  Great  Oolite. 

Trisohta  signata,  Ag, — The  four  varieties  of  this  species  figured 
by  Dr.  Lycett  in  his  Bupplementary  Monograph,  occur  in  an 
admirable  state  of  preservation  in  the  higher  divisions  of  the 
Inferior  Oolite  of  North  Oxfordshire.  In  the  beds  C  of  Hook 
Noiton  the  fi^ntt  forms  appear  associated  with  AsturU  minima^ 
MhytwhoHeUn  sinnom^  and  many  other  species  of  mollusca,  but  they 
become  the  dominant  fossils  in  the  superior  stages  of  other  localities. 
The  matrix  of  the  latter  stages  is  either  sandy  or  an  intensely  hard 
compact  siliceous  limestone,  from  which  the  extraction  of  the  shells 
is  exceedingly  difficult.  A  bored  bed  occurs  above  the  Upper  Tii- 
gonia-layer  at  Hook  Norton,  Some  undescrihed  forms  of  Tritfonux^ 
to  which  I  shall  presently  aDude,  were  procured  by  mo  some  years 
since  from  the  Trigonia-bed  at  Sharpshill  near  Hook  Norton.  At 
the  Priory  Farm  by  Chipping  Norton  and  at  Grayton  Quarry  noar 
Whichford  numeroius  specimeuii  of  the  several  varieties  may  yet  be 
obtained,  but  in  other  localities  they  are  now  rare.  T.  sltjiiaitt,  rar. 
StuUerdi^  and  var,  decurttita^  have  both  been  found  in  C  of  Hook 
Norton  and  Otley  Hill ;  and  though  Er.  Lycett  has  referred  the 
former  to  the  superior  beds,  probably  it  would  be  better  to  restrict 
the  varietal  name  to  the  sheU  of  the  lower  bed^  (figs.  9  and  10, 
pi.  ii.  Foss.  Trig.,  S>upp.  2),  which  is  like  those  found  at  Cold  Com- 
tbrt  near  C^hoUenham,  and  distinct  from  its  allies  of  the  later 
deposits,  T.  signata,  vars*  Zietauij  ntgulom,  and  deeurtatay  occur 
in  tlie  higher  series. 

Though  in  Yorkshire  T.  sit^nata  belongs  to  the  zone  of  ArnmaniUg 
fliijnphrcsianm^  in  the  south-west  of  England  Lycett  gives  the  Upper 
Trigonia-grit  as  its  only  horizon. 

GrEiaosTA  fiprN'TTLosA  ?,  Young  and  Bird* — A  solitary  and,  unfor- 
tunately, imperfect  example  from  bed  B'  of  Hook  Norton  has  many 
points  of  resemblance  to  the  shell  figured  by  Lycett  (pL  iii.  fig,  6, 
Rrit,  Fobs.  Trigonitc).     The  tubercles  are  more  diatinot  than  in  any 

*  '  A  Monograph  of  the  Uaa  Ammonlteg^'  by  Dr.  T.  Wmbt,  F3.SL.  »  1411 
(M4?m.  Pal.  Soc  1879),  ^  •  F-  »w 

t  '  On  (he  Geology  of  the  oountry  around  Banborj'.'  by  E.  HtilL  F  Q  ft 
pp.  24,  25  (Mem.  GeoL  Surv.  mA\  -*-      .    ^o.. 
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Yorkshire  specamen  in  my  cabinet.  There  is  also  a  general  tendency 
to  an  upward  cuirature  of  the  rows  of  costae,  which  places  it  iu  near 
relationship  to  T,  formosay  from  which,  however,  it  differs  in  the 
marked  isolation  of  the  tubercles  anteaUy  and  their  evanescence  in 
its  lower  half. 

Tbioohia  Mobbtoki,  var.  oxokienbis,  Mor.  &  Lye,  seems  to  be 
confined  to  the  beds  C  of  Hook  Norton  and  Otley  Hill.  Young  forms 
of  T.  angulata  are  diificult  to  distinguish  from  this  little  shell.  T. 
MoreUnUy  according  to  Etheridge,  is  found  rarely  in  the  Collyweston 
Slate,  and  in  the  lower  zone  of  the  Great  Oolite  it  seems  to  be  well 
known  generally. 

Tbigoioa  AireuLATA,  8ow.,  occurs  not  uncommonly  in  and  imme- 
diately above  the  coral  bed  (C)  at  Hook  Norton  and  Otley  Hill,  and 
alao  at  the  bed  at  the  base  of  the  Clypeus-grit  (C*)  at  Pawler  and 
Bright  Hill.  The  ornamentation  of  the  species  is  very  variable. 
Lyoett  and  "Witchell  cite  it  from  the  Oolite  Marl,  and  also  from  the 
▼aiiouB  beds  of  the  zone  of  Ammonites  Parlcinsoni  in  Gloucestershire. 
Trigonia  dapensis  of  Terquem  and  Jourdy*,  from  the  "PdrA^n- 
Mm"  zone  of  the  basin  of  the  Moselle,  appears  to  resemble  very 
(dosely  some  Oxfordshire  forms  I  have  classed  as  varieties  of  T» 
angulata.  According  to  Lycett  T.  clapensis  is  a  synonym  for 
T.Moretani. 

Trigoitia  Gxtisei,  Lye,  appears  to  belong  only  to  the  base  of  C. 
1  have  a  large  specimen,  measuring  three  inches  in  height,  found  in 
<^  in  the  bottom  bed  of  the  Duckpool-Earm  cutting,  where  the 
lower  zone  of  the  Inferior  Oolite  is  wanting.  This  caused  Dr. 
Lycett  to  refer  it  in  error  to  the  "  lower  bods  of  the  formation.'' 
Its  Oxfordshire  horizon  is  in  reality  that  of  the  Lower  Trigonia-grit. 
'Hie  species  is  allied  to  T.  Farkingoniy  Ag.,  and  T.  angtdata^  Lye 
Mr.  Witchell's  specimens,  which  I  think  should  scarcely  be  classed 
with  the  Oxfordshire  shell,  are  from  the  Clypeus-grit. 

TsieoHiA  PBonuoTA,  Lye,  finds  its  home  in  the  Hook-Norton  area, 
^^hongh  appearing  in  the  Coral  bed,  it  is  better  shown  in  a  higher 
band  of  ironshot  limestone  (no.  22  of  my  detailed  section  t),  also  in 
Mries  C.  At  the  base  of  the  Clypeus-grit  (C*)  at  Fawler,  at  Bright 
Hill  near  Long  Compton,  and  in  the  siliceous  limestone  of  the  Tri- 
gooia-bed  at  Sharpshill  it  occurs  also.  Under  a  modified  form  it 
Again  appears  at  the  base  of  the  Puller's  Earth  j:  in  a  railway-cutting 
n^  Bourton-on-ihe- Water,  Gloucestershire.  The  test  there  is 
thinner  than  that  of  the  Oxfordshire  T.produeUij  and  in  its  ornamen- 
tation as  well  as  contour  it  approaches  T,  Painei^  Lyp.,  an  abundant 
shell  in  the  stratum  on  which  the  days  of  the  Fuller's  Earth  rest. 

*  **  Mo&ognmhie  de  I'^tage  Bathonien  dans  le  d^partement  de  la  Moeelle,"  par 
O.lWemetB.  Jourdy.    M6m.  Soc.  G60L  de  France,  1809. 

t  **  On  the  Belation  of  the  so-called  •  Northampton  Sand*  of  North  Oxford- 
■rire  to  the  Clypeus-grit "  (Quart;.  Joum.  GeoL  Soo.  voL  xxxix.  p.  230). 

t  Berifed  probably  from  the  stratum  below.  Forms  more  nearly  referable 
to  r.  jfAgldnm,  Lye,  are  there  associated  with  T.  P^UneL  A  similar  shell 
<*««»  in  series  0  at  Hook  Norton. 
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Tlie  abundance  of  rolled  nodules,  covered  often  by  fino  colonies 
of  SerpuloB,  and  also  pierced  by  boring  shells,  point  to  a  ptmse  in 
sedimentation  prior  to  the  deposition  of  the  clays  of  the  FuUer's 
Earth,  In  tho  south-west  of  England  T.  proditcfa  is  confined  to 
the  Trigonia-grit, 

Teigonia  approaching  t-costata,  Lye, — Both  T.  v-tioitata  and 
T.  conjurt/fens  must  bo  catalogued  as  doubtful  speeies  of  the  North 
Oxfordshire  area.  The  former  is  common  in  tho  lowest  bed  of  tho 
Inferior  Oolite  at  Moulton  near  Northampton,  and  is  found  also  in 
the  Lincolnshire  Limestone  of  the  Midlands.  In  Yorkshire  it  occurs 
in  the  Dogger,  and  in  Glouceaterabire  in  the  Oolite  Marl  and  Trigonia' 
grit,  T,  sJiaijiinim^  Lyc,  with  which  this  species  is  often  associated 
in  the  Dogger  and  Northampton  Sand,  I  have  failed  to  recoguiase  in 
Oxfordshire,  though  in  the  "  Cynocephala  stage  "  of  Yeovil  Junction, 
I  have  coUect-ed  what  appear  to  he  but  slightly  diverging  fonns. 

Trioonia  akdubwh a,  R.  &  8,— The  fragment  from  Hook  Norton, 
%nred  by  Lycott  in  the  last  supplemont,  is,  so  far,  the  only  record 
of  this  ciirly  Bathonian  species  of  Kigaux  and  Sauvage. 

Teiaokia  LTCEnii,  nov.  ap,     (PL  I,  figa.  1  &  2.) 

Shell  ovately  trigonal,  convex,  height  of  full-sized  specimeii  1 1 
inch,  breadth  1  ^  inch,  width  of  area  ^  inch,  Umbones  slightly 
recurved,  antero-mewial,  anterior  bonier  moderately  produced  and 
curving  gracefully  with  the  lower  border,  hiugc-line  straight,  leng^ 
rather  more  than  half  tho  height  of  the  shell  and  sloping  steeply 
downwards;  costas  about  sixteen,  solid  and  unbroken  in  the  earlier 
stages,  eord-Hke  on  the  lower  two  thirds  of  the  valve ;  the  first 
four  or  five  pass  with  but  slight  downward  curvature  over  the 
surface,  and  form  knots  at  tho  carina,  passing  also  with  slight  V* 
shaped  inilexion  over  the  area  and  somewhat  less  prominently  over 
the  escutcheon  also.  The  other  cost®  sweep  downwards,  curve  "with 
the  lower  border,  break  and  are  replaced  by  a  few  tubercles  in  the 
middle  third  of  the  valve,  and  then,  becoming  solid  and  very  much 
thickened,  pass  upwards  at  a  high  angle  to  the  carina,  across  'which 
thoy  (the  coatoe)  pass  with  bold  undulation.  The  area  has  a  slight 
median  inflexion  or  line  only,  and  is  crossed  ever}^ where  by  the 
thick  coataj  which  pass  over  it  without  interruption.  There  are^ 
however,  indications  of  tine  costcllos  at  the  posterior  part  of  tho 
area.  The  ante-eariual  depression  is  so  pronounced  in  one  specimen 
as  to  form  a  double  row  of  nodulations,  one  row  upon  the  carina 
and  another  row  upon  the  anterior  side  of  the  furrow  resembling 
tho  nodulations  of  T.  arduennaj  11.  &  S.*,  as  figured  by  Messrs. 
liigaux  and  Sauvage  in  their  excellent  raomoir.  The  escuticheon 
is  shallow  and  lengthened. 

Figure  1  shows  the  normal  and  typical  form.  The  other  example 
(fig,  2)  is  almost  distinct  enough  for  a  varietal  name.    In  it  the 

*  "  Deicr,  de  quelquea  cspioes  nouveDeg  de  T^tage  B»thonieu  dt«  B«4 
BouloQimis "  pur  E.  Higaux  et  E.  Sauvage.  Hem.  Soc.  Acod^tiL  BoulogOie. 
1867i  ToL  lii.  pi  iv.  fig.  4. 
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ooBtie  are  not  only  much  thickened,  but  pass  with  slight  interrnption 
and  with  strong  nndnlation  from  the  anterior  edge  of  the  shell  over 
the  carina,  where  they  are  much  enlarged,  and  across  the  area  to 
the  posteal  border. 

The  species  is  related  to  Trigonia  undulaia  of  Agassiz  *,  from 
which  it  differs  in  the  peculiar  irregularity  of  its  ornamentation. 

At  Sharpshill  quarry  near  Hook  Norton  I  have  found  this 
species  in  a  bed  of  exceedingly  hard  siliceous  limestone  of  the 
Inferior  Oolite  crowded  with  T,  signata  and  yielding  also  Ammoniteg 
Parhinsoni,  At  Hook  Norton  fragments  occur  in  the  same  horizon. 
The  matrix  at  Sharpshill  is  so  intractable  that  it  is  a  matter  of  the 
greatest  difficulty  to  extract  specimens. 

I  have  named  the  species  Trigonia  I/ycettii  as  a  slight  tribute  to 
the  memory  of  that  veteran  paleeontologist  the  late  Dr.  J.  Lycett. 

T.  LrcETTn,  var.  coKKueATA.    (PI.  I.  fig.  3.) 

The  contour  of  this  variety  is  similar  to  that  of  the  previously 
described  form,  fig.  1.  The  shell,  however,  is  larger,  the  measure- 
ment being  2|  x  2\  inches.  The  costaB  are  finer  and  much  more 
numerous,  about  twenty-four,  the  first  five  or  six  .only  being 
unbroken ;  those  succeeding  them  descend  steeply  from  the  anterior 
margin,  whilst  the  lowest  set,  in  confused  arrangement,  curve 
irre^arly  with  the  lower  border.  They  are  cord-like  and  knotted 
at  the  anterior  part  of  the  shell,  passing  into  scattered  tubercles 
towards  the  middle  (or  vanishing),  and  then,  thickening,  ascend 
steeply  towards  the  carina  in  straight  or  sHghtly  undulating 
tuberculate  or  plain  ridges.  An  aute-carinal  furrow  causes  the 
oostiB  to  wave  before  passing  over  the  carina.  Area  concave,  covered 
by  bold  continuations  of  the  costSB,  which  are  knotted  slightly  on  the 
carina  and  parted  in  the  middle  of  the  area  by  a  depressed  vertical 
line. 

Locality  and  posiHon. — Inferior  Oolite,  Sharpshill,  as  before. 

TmoasiA  covjxnsB^vs,  Phill. — Specimens  from  beds  C,  of  Hook 
Norton,  and  from  the  Clypeus-grit  of  Over  Norton,  seem  to  justify 
its  mention  here,  though  I  catalogue  the  species  with  considerable 
doubt.  It  appears  in  Beesley's  lists  f  of  Hook-Norton  fossils  together 
with  T.  PhUlipsii,  Mor.  and  Lye,  T.  v-scripta  &o. 

Tbiookia  dfplicata.  Sow.,  appears  only  as  a  badly  preserved  shell 
inside  a  valve  of  T,  signata.  Its  position  is  probably  D,  Hook  Norton . 
I  have  in  my  cabinet  a  fine  example  from  the  zone  of  Am,  Parkinsoni 
at  Avondiffe.     Lycett  quotes  it  from  the  Upper  Trigonia-grit  also. 

TfiieoinA  eEMKATA,  Lye.  The  figure  in  the  left-hand  comer  of 
pi.  ii.  of  supp.  no.  2  to  the  Brit.  Trigoniee  should  both  in  text  and 
plate  appear  as  no.  6,  not  no.  8.  Both  it  and  a  pretty  little  varietal 
form  in  my  collection  have  been  derived  from  the  lower  part  of 

*  11^.  BUT  leB  Trigonies,  tab.  x.  fig.  14-16. 

t  "  On  the  QtwAogj  of  the  Eastern  rortion  of  the  Sanburj  and  Cheltenham 
Direct  Bailway/'  by  Thomas  Beesley,  F.O.S.    Proo.  QeoL  Assoc,  vol  t.  p.  7. 
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seriea  C*  at  Hook  Norton. 
Trigonia-grit. 


Its  Cotteswold  position  is  the  Upper 


TfiiGONiA  Bebsleyana,  Lyc,  appears  to  be  reatritted  to  the  sub- 
zone  of  Am.  Soiverhi/i  at  Coombe  Hill,  near  Banburj,  wheiicc  OQany 
specimeiis  have  been  collected.  The  beautiful  shell  so  well  di^liiieated 
in  Lj-oett'a  BnL  Foss.  Trigoniir,  pL  xTii,  fig,  4,  has  been  in  my 
oollectioii  for  nearly  fifteen  years, 

Triqonia  costata,  Sow,,  begins  with  a  n^presentative  of  the 
T,  sctdpta  type  at  the  top  of  Aeriea  B,  and  ranges  through  C  at  Hook 
Norton  and  Otley  Hill  and  through  the  Clypeiis-grit  in  the  Tarious 
Oxfordahire  localities,  where  it  attains  a  fiue  development*  Wright 
quotes  the  speciea  from  the  zone  of  Am.  Jur&tuu,  and  Et  he  ridge  from 
the  Lijioolnshire  Limestone,  whilst  L)'cett  gives  its  Cotteswold  stages 
firom  the  Eagstones  upwards, 

TiueoiTTA  PXTLLus,  iSow.,  appears  in  bed  B^,  In  series  C  also  at 
Hook  Norton  mauy  sjmall  and  a  few  average-sized  specimens  have 
been  found.  Its  range  through  the  other  beds  is  demonstrated  by 
fine  local  examples  from  the  Stones  field  HI  ate,  the  nppcr  zone  of  the 
Great  Oolite,  and  the  Forest  Marble  ;  Lycett  gives  it  from  the  zone  of 
Am.  Murchisotur.  upwards, 

Trigonia  DBNficuLATA,  Ag,,  ranges  from  C  to  E,  and  exhibits,  in 
Hook-Norton  shells  especially,  the  delicate  ornamentation  of  the 
area  in  a  beautiful  state  of  preservation*  In  the  West  of  England, 
according  to  Witehell  *,  it  begins  in  the  "  Cynocephala-beds  *' ;  other 
lists  show  that  it  apparently  survived  through  the  Great  Oolite 
period, 

Trigonia  soultta,  Lye.,  makes  its  appearance  in  well-deTeloped 
forms  at  the  top  of  bod  B*  at  Hook  Norton,  and  in  series  C  at  Sharp*- 
hill  is  more  doubtfully  recognized,  associated  with  GennUm  Imvia  &C. 
It  ranges  through  tho  whole  of  the  British  laferior-OoEte  zones. 

Trigonia  Wijjdoesi,  Lye.,  baa  hitherto  been  recorded  only  from  C 
of  Hook  Nortx>n.  Young  sijecimeiis  of  T,  Pamela  Lye.,  from  th© 
earthy  limestone  at  the  base  of  the  Fuller*s  Earth  ne.ar  Bourton-on- 
the- Water,  come  near  to  this  little  shell. 

Great  Oolite  SpBcres. 
Tbioonia  iJtPREssA,  8ow,  Stoflesfiold  Slate,  Stonesfield, 
Tbigoxia  ttsthtlata,  Fromh,  Great  Oolite  (lower  zone),Culwortii, 
N'orthamptonshtre^  ajid  at  Milton  and  Tain  ton  Down  near  Burford, 
Oxon,  The  Tn<joiiuT  at  Culworth  are  associated  with  Ostrea  Sowerb^i 
and  Mhipii'honcila  mncinna  in  some  Mm es tone  courses  which  altemi^ 
with  beds  of  marL 

Trigonia  Moketoni,  Mor.  &  Lye.     Btonesfield  81ate,  Stonesfield, 
Great   Oolite,  Kirtlington,   Oxon   and  Buckingham  t,   and   Forest 
Marble,  Ishp  and  Kidlington  t. 
;  *  •  Geology  of  Strond;  by  E.  WitchelU  F.O,8..  p.  35,    Stroad,  1882. 

t  *  Geology  of  the  Country  round  Banbuiy*  &c.,  by  A.  H.  Qmn,  Hem.  OeoL 
Surfoy. 
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TBieoiriA  FULLUSy  Sow.  Stonesfield  Slate,  Stonesfield,  upper  zone, 
Great  Oolite,  near  Banbury,  and  Forest  Marble,  near  EoUngbt. 

A  beaatifol  coetate  species  from  the  upper  zone  of  the  Great  Oolite 
at  Capps  Lodge,  near  Bnrford,  famishes  an  instance  of  the  difficulty 
of  finding  names  for  the  whole  of  the  varied  forms  of  the  group.  Mr. 
W.  H.  Hudleston,  F.R.S.,  F.G.8.,  has  kindly  allowed  me  to  examine  a 
specimen  more  perfect  than  any  in  my  own  cabinet ;  and  from  it 
the  following  description  has  been  written : — ^height  If  inch,  width 
1|  inch,  breadth  of  area  1  inch,  breadth  of  escutcheon^  inch,  depth 
of  nnitedValyes  l^inch.  The  breadth  of  the  area  is  thus  two  thirds 
that  of  the  costated  part  of  the  shell.  The  umbones  are  pointed  and 
recurred.  The  anterior  border  is  first  curved  and  then  slightly 
straightened  as  it  sweeps  towards  the  lower  border.  The  costse,  27 
in  nmnber,  are  prominently  elevated  with  sharp  ridges  and  deep 
interspaces,  undulating  slightly  as  they  curve  gently  downwards 
and  then  cross  transversely  towards  the  carina.  The  marginal 
carina  is  greatly  elevated,  in  the  lower  part  of  the  shell  as  much  as 

inch  above  the  costse ;  it  is  also  boldly  denticulated.  The  area  is 
iivided  by  a  tuberculated  median  carina  in  the  left  valve,  with  a 
corresponding  groove  in  the  right  valve  and  a  prominent  adjacent  row 
of  oostells.  It  is  ornamented  by  four  rows  of  costellse,  which  are 
decussated  by  transverse  markings.  The  escutcheon  is  ovately  cor- 
date and  is  bounded  by  prominent  tuberculate  or  denticulate  carin®. 
It  has  a  raised  cushion-like  centre  and  numerous  longitudinal  lines. 
The  area  is  concave. 

It  differs  from  T,  elongata  in  the  want  of  convexity  near  the 
earina,  and  also  in  its  wider  form ;  the  area,  however,  has  much 
similarity.  The  escutcheon  is  not  that  of  the  ordinary  tyx>e  of 
r.  pullus^  and  the  area  ib  larger.  Though  it  seems  to  find  a  place 
between  the  two  species,  it  will  suffice  for  the  present  to  look  upon 
it  as  a  variety  of  T.  pullus, 

Tri605ia  Paihei,  Lye,  is  found  in  the  Great  Oolite  of  Groves 
Qnarry,  Milton,  near  Bnrford,  though  it  does  not  there  exhibit  the 
maasiTe  ornamentation  of  the  Liferior-Oolite  and  Fuller's-earth  forms 
previously  mentioned  p.  41. 

Tbioohia,  sp.— ^Height  1|  inch,  breadth  2  inches.  Shell  convex, 
r^mbo  slightly  recurved,  antero-mesial.  Surface  covered  with  about 
twenty  bold  slightly  waved  oostaD,  which  cross  the  shell  with  but  a 
slight  curve  toward  the  lower  margin.  The  lower  seven  costse,  when 
about  a  third  of  their  length  distant  from  the  carina,  are  crossed  and 
nearly  obliterated  by  three  bold  rows  of  nodulous  costse  bearing 
downwards  almost  vertically  from  the  carina.  The  area  takes  up 
about  a  third  of  the  shell  and  is  convex  posteriorly.  Anteriorly  the 
strong  coetcB  cross  the  area,  but  appear  to  pass  into  fewer  striae  in 
the  lower  half  of  the  shell.  It  is  so  much  Hke  the  shell  figured  by 
Morris  and  Lycett  on  tab.  v.  pt.  ii.  of  their  *  Monograph  of  the 
MoUuBca  from  the  Great  Oolite,'  as  T.  OoUfussi  (subsequently 
altered  to  T.  Painei),  that  for  the  present  it  seems  best  to  let  the 
species  pass  with  this  reference. 
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A  single  valve,  and  the  only  one  I  have  hitherto  seen,  was  got  by 
me  from  the  lower  zone  of  the  Great  Oolite  in  the  railway-cutting 
at  Ashford  Bridge,  near  Stonesfield. 

Trigonia  Walfordi  ?,  Lye. — T.  Walfordi  is  one  of  the  allies  of 
T,  Painei^  but  differs  from  the  latter  in  its  more  erect  and  narrowed 
contour  and  in  its  subtuberculate  costae  and  their  arrangement. 
The  types  of  the  shell  were  got  from  Stow-on-the-Wold ;  the 
Oxfordshire  variety  from  the  Great  Oolite  of  Milton,  near  Burford. 
The  latter  form  varies  from  the  type  in  the  less  massive  character 
and  disposition  of  its  ornamentation.  The  figure  has  been  wrongly 
numbered  in  Supp.  no.  2  to  Lycett^s  Brit.  Foss.  TrigoniaB,  pi.  ii.,  and 
should  appear  as  fig.  6,  not  ^g.  8. 

Trigonia  clathrata,  Ag. — ^The  contour  of  the  shell,  curvature  of 
the  rows  of  tubercles,  and  the  disposition  and  number  of  the  rows 
seem  to  me  to  agree  so  well  with  Agassiz's  species,  that  I  prefer  to  class 
the  Oxfordshire  shell  with  it,  notwithstanding  the  want  of  a  definite 
horizon  in  the  description  by  Agassiz  ♦.  The  number  and  curvature 
of  the  rows  of  tubercles  of  Lycett's  T.  tuberculosa  are  very  distinct; 
as  in  Eigaux  and  Sauvage's  T.  clavulosa  they  are  more  numerous, 
and  there  is  in  those  species  an  absence  of  that  downward  curvature 
or  inflexion  which  T.  clathrata  seems  to  present.  The  markings  on 
the  area  are  worn,  but  appear  to  have  been  fine.  I  have  noted  in 
other  Trigonice^  e,  g.  T,  signata,  that  the  fineness  or  coarseness  of  the 
area-markings  is  often  due  to  the  state  of  preservation  of  the  fossil : 
the  bolder  area-markings  seem  to  underlie  the  others.  The  only 
example  I  have  seen  of  Agassiz's  species  is  in  the  collection  of  Mr.  B. 
Thompson,  E.G.S.,  who  has  kindly  lent  it  for  my  examination.  It 
was  got  from  the  Forest  Marble  or  Combrash  of  Kidlington,  Oxon. 
T.  clathrata  is  quoted  by  Terquem  and  Jourdyf  from  the  zone  of 
Ammonites  Parhinsoni  of  their  Bathonian  of  the  Moselle  region. 

Trigonia  Goldpussi,  Ag. — In  Whiteave's  '  list  of  the  Fossils  of 
the  Combrash  at  Islip  and  Kidlington  '  this  species  finds  a  place.  It 
may,  however,  be  the  T.  Paind  of  Lycett,  who  has  stated  his  reasons 
for  rejecting  T,  Ooldfussi  as  a  British  species  t-  Sharp  tabulates  it 
from  both  Great  and  Inferior  Oolite  of  the  Northamptonshire 
district  §. 

Trigonia  plbcta,  Mor.  &  Lye. — The  Forest  Marble  of  Kirtlington 
has  yielded,  so  far  as  I  know,  the  only  Oxfordshire  specimen.  The 
intensely  hard  matrix  makes  the  extraction  of  complete  shells  well- 
nigh  impossible. 

Trigonia  tuberoulata  ?,  Lye. — The  same  Forest-Marble  stratum 
at  Kirtlington,  in  which  is  found  T.Jlecta^  has  also  supplied  me 
with  a  small  tuberculate  Trigonia  agreeing  in  many  points  with  the 


*  *  M^moire  but  lea  Trigonies,'  par  L.  Agassiz;  tab.  iz.  fig.  9,  &  p.  22. 
t  "  Monographle  de  T^tage  Batnonien  dans  le  d^partement  dela  Moae! 


!oaelle''pftr 


O.  Terquem  et  E.  Jourdy,  pp.  109  &  161.  M6m.  Soc  Q66L  de  France,  1869. 

1  *  Mon.  Foes.  Trigonue,  by  Dr.  J.  Lyoett,  p.  59. 

§  **The  Oolites  of  Northamptonshire '*  by  S.  Sharp,  F.S.A.,  F.a.S.;  Quart 
Joum.  Qeol.  Soo.  toI.  xzyL  pp.  383  &  388. 
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form  I  have  referred  to  T.  clathrata,  Ag.,  but  differing  in  the  curva- 
tme  and  absence  of  undnlation  in  the  rows  of  costas.  It  varies 
fifom  Lycetf  8  definition  principally  in  the  fewer  rows  of  costs. 


BXPLANATION  OF  PLATE  I. 

Rg.  1.  Triffonia  Lyeetti,    Inferior  Oolite,  Sharpshill,  near  Hook  Norton. 

2. (example  with  solid  ooeta).    Same  locality. 

3. Tar.  corrugata.    Same  locality. 

t. n  ^hampionenMs.    Upper  Lias,  Moulton,  near  Northampton. 

6, 6.  — -    .    Same  locali^. 

7.  — ^  '•  ^  (specimen  without  transverse  cofltie).    Same  locality. 

Discussion. 

Prol  JuDD  expressed  his  sense  of  the  great  value  of  Mr.  Walford's 
work  in  showing  the  relations  of  the  several  divisions  of  the  Infe- 
rior Oolite  of  Oxfordshire  as  compared  with  the  beds  of  the  same 
age  in  South  Northamptonshire  and  in  Gloucestershire. 

Br.  Woodward  hoped  that  Mr.  Waif ord's  studies  would  enable  us 
to  distingoish  which  of  the  forms  described  by  Dr.  Lyoett  should  be 
regarded  as  species  and  varieties  respectively.  He  suggested  that 
the  difficulties  might  to  some  extent  be  got  over  by  employing  a 
trinomial  nomenclature. 

Prof.  Sbblet  pointed  out  the  importance  of  defining  the  range  in 
time  of  fossil  species  with  a  view  to  fixing  the  geographical  djstri- 
botion.  The  varieties  of  one  district  become  representative  species 
in  other  countries. 

Mr.  H.  B.  WooDWABD  thought  that  some  of  the  difficulties  in  cor- 
relating subdivisions  of  the  rocks  would  be  removed  if  the  strati- 
grai^cal  evidence  were  attended  to  as  well  as  the  palsDontological. 

The  AuTHOB  agreed  with  Dr.  Woodward  in  thiiiing  that  many 
of  the  species  of  Dr.  Lyoett  must  be  grouped  as  varieties.  The 
]ithologi(^  evidence,  to  some  extent,  bears  out  the  palaeontolo- 
gical  evidence  as  to  the  relationship  of  the  Fawler  and  Hook- 
NortoQ  strata. 
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S.  Oti  ihe  i'Crcut  Urscovrur  of  Ptt:kasp[dtan  Fish  in  thf  TtfEM, 
SiLiiiiAN  RuLKs  of  NoHTii:  AMEBIC  A.  By  Prof.  E.  W,  Clattoik. 
B.A..  ll^v.  (Land,),  F.fi.S.,  liiR-Mcl  College,  Akron,  Ohio.  (R^sad 
IteceTulxT  17,  1SM4^^ 

Tuv  tVvssiJ^  whicli  fV.inn  the  5ul»joct  of  thm  paper  poasees  consider- 
a1>lr  intJTt'st  to  llio  jiahrimtologi^t  fur  tliroe  reasons: — 

1 .  Tiiey  :irc'  ibc  only  forms  of  the  Had  yet  announced  from  tli* 
\Vust<;m  ("imt input. 

"J.  Thty  are  the  tir^it  mithontic  fi^h-fos^ilij  yet  found  in  tbc 
Silurian  n»cks  of  Auiorira,  nil  prtrioiiHly-reported  discoTeriea  of  a 
siniilar  nature  ha%injr  provoil  orroDoriiis  in  consequence  of  zoolo^cd 
or  straligraphical  ernirs. 

;i  Sumo  of  them  are  the  oldest  ti?^h  and,  eonscqucntly,  theoldeft 
nrt<  hratos  yet  discuvercd  in  any  part  of  the  world,  with  the  posaiblc 
exception  of  Pnnders  **Conodontj^,"  wliieh  are,  howDveij  not  yet 
generally  reeeivid  into  the  elas?*  fkf  Fishes. 

The  (ddest  fisli -remains  already  known  from  this  continent  aw 
those  of  the  Cuiniferous  LimeHtone  of  t)hio  and  of  the  Lower 
DeYiMtisni,  oear  the  mniith  of  the  Oulf  of  8t.  Lawrence,  m  CaoftdA, 
PtdiearUolujrii'filly,  the  latter  of  these  appears  to  be  the  earlier*  The 
Conijferuu^^  LimestoTH'  of  Ohio  \\iArh  lUffvropiifdfchfh^s^  Dtukldhpy 
fhuffhoihf.s^  and  allied  foLiny,  with  a  sinf,de  specimen  attribTited  to 
CiHrt*j^tais ;  hut  the  Canadian  beds  contfjin  Cocm^tms^  OjJ^^mpiff. 
and  Oitiiiivaafh'K^.  or  a  fuiTn  a^nifrned  to  that  genus. 

These,  however,  are  all  Devonian  fossils,  and  need  not  detain  13* 
Ioniser.     ?fo  Sihirian  fish  liave  yet  been  obtained  in  America. 

(tjdieia  1ms  yielded  at  leust  one  species  from  rocks  considered  to 
be  Upper  Silnrian,  the  niitnre  of  whieh  justifieit  the  age  assigned!© 
it.  This  was  the  sjtceiTnea  upon  which  Dr.  Kner,  in  1847,  baicd 
hi^  mcirvoir  establishing  the  f^enua  Pkmjtpis.  He  eouBidcred  it  ^ 
in  tern  id  bone  of  a  Cephalopod :  but  later  writ-era  have  eontroTerted 
hy  (ipitiion,  and  roTiHider  the  fossil  a  genuine  fish.  Prof.  Lankeeter 
htis  named  it  Staphfj^'pis  Kneri 

litit  the  tifih-fiinna  whieh  for  e7i;tent  and  antiquity  claims  tlw 
first  place  i^  that  of  tlie  English  Ludlow  rocks.  The  "Bone-bed'* 
of  the  I' i)per  Ludlow  has  yielded  two  distinct  forms  beside  frag^ 
ments  iiidicatin^  others,  and  of  one  of  these  forms  a  single  specnnen 
ha^  been  obtained  from  the  Lower  Ludlow,  a  fact  which,  as  Prof. 
Lank  ester  remarks,  enormouf^ly  inercases  its  age. 

Of  thej?e  Ludlow  fossils,  one  kind  coesists  of  small  spines  witJi 
fluted  surfaces,  resembling  those  borne  by  Selachian  or  Biliiroid 
fii^h.  To  one  of  these  classes  they  were  accordingly  attribntod  by 
Ag.issiz,under  the  names  of  Onchm  Mun-hisom  and  0.  inmistrmtvi, 
yiinilar  forms  occur  in  Pennsylvania  i  these  I  propose  to  c^U  (hichvi 
pennsylvanicus  (see  fig.  5,  p.  61). 
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The  reference  of  these  spines  to  Selachians  or  Siluroids  may 
prore  unfounded,  and  it  is  quite  possible  that  when  we  know  all 
the  details  concerning  the  fossils  next  mentioned,  the  two  may 
proTe  to  belong  to  the  same  species. 

It  is  right  to  remark  here  that  some  of  these  fossil  spines  from 
the  English  Ludlow  rocks  have  been  regarded  by  some  geologists 
u  of  Crustacean  origin.  However  this  may  be,  the  Pennsylvanian 
specimens  show  no  such  afiinity,  but  in  their  rounded  flutings  much 
more  closely  resemble  genuine  fin-spines  or  ichthyodorulites. 

The  second  and  more  abundant  kind  of  these  Ludlow  fossils, 
though  now,  by  general  consent,  admitted  to  the  class  of  fishes,  is 
80  strange  in  form  and  structure,  and  so  aberrant  from  the  usual 
tjpe,  that  its  right  to  that  rank  has  been  doubted  and  denied.  The 
Bpedmens  are  oval,  thin  shields  or  plates,  folded  in  at  the  sides,  and 
with  a  curved  surface.  They  measure  only  a  few  inches  in  length, 
and  formed  the  oephalothoracic  covering  of  the  animal,  the  rest  of 
whose  body  was  soft  and  unprotected,  or,  at  most,  only  covered  with 


The  study  of  these  peculiar  forms  has  been  undertaken  by  Professors 
Huxley  and  Bay  Lankester.  The  former  has  published  his  results 
in  the  Journal  of  the  Geological  Society  (1858),  and  the  latter  in 
the  Memoirs  of  the  Palaeontographical  Society  (1867  and  1869). 
The  former  has  dealt  chiefly  with  ^e  microscopic  structure,  and  the 
latter  with  the  outward  fDrm. 

Postponing  for  the  present  further  detail  on  this  point,  I  will 
only  remark  that  I  have  no  intention  here  of  asserting  or  defending 
the  claim  of  these  Ludlow  fossils  to  the  name  of  fishes.  The  authors 
just  cited  have  done  this  in  no  uncertain  manner. 

Sftys  the  former,  **  Leaving  Prof.  Pander's  *  Ck>nodonts '  out  of  the 
qoeition,  Cephalaspis  and  Pteraspis  are  among  the  oldest,  if  they 
are  not  the  very  oldest,  of  known  fishes." 

Again,  ^'No  one  can,  I  think,  hesitate  in  placing  Pteraspis 
among  fishes.  So  far  from  having  no  parallel  among  fishes,  it 
has  absolutely  no  parallel  in  any  other  division  of  the  animal 
kingdom  *'  *. 

If  any  doubt  remained  in  regard  to  the  zoological  'position  of 
these  fossils,  it  has  since  been  removed  by  the  finding  of  a  single 
•peeimen  showing  a  few  scales  attached  to  the  matrix  behind  tiie 
eephalothoracic  shield.  This  unique  and  invaluable  specimen  has 
l)em  figored  by  Professor  Lankester  in  his  monograph. 

Assuming,  therefore,  as  proved,  the  ichthyic  nature  of  these 
En^ish  Silurian  fossils,  I  propose  in  the  first  place  to  ofPer  proof 
tiiat  the  Pennsylvanian  specimens  belong  to  the  same  family  as  the 
Ludlow  Pteraspis,  and,  in  the  second,  to  show  that  the  strata  in 
wMch  they  occur  are  as  low  as  any  which  have  hitherto  yielded 
fisb-ranains  in  any  part  of  the  world. 

*  Though  Prof.  Huxley's  opinion  is  perfectly  obriouB,  yet  the  meaning  of 
Uus  eibfeasion  is  doubtful.  It  is  true  that  the  struoture  in  question  has  no 
pmUflT in  any  other  diTision  of  the  animal  kingdom,  but  it  is  equally  true,  as 
viU  tppear  later,  that  it  has  no  parallel  among  fishes. 

a  J.  G.  8.  No.  161.  B 
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1.  T^  close  Zoological  Affinity  of  the  Fossils,' 

In  entering  upon  this  part  of  my  subject,  both  doty  and  pleasure 
make  it  just  to  express  my  thanks  to  several  friends  for  the  very 
kind  assistance  which  they  have  afforded  me  in  obtaining  spedmens 
of  the  English  fossils  for  comparison.  In  the  first  place  my  thanks 
are  due  to  my  old  and  valued  friend  C.  W.  Peach,  Esq.,  of  Edin- 
burgh, for  offering  me  specimens  of  Pteraspis^  collected  by  himself 
many  years  ago  in  Cornwall,  and  of  Cephalaspis^  from  the  cabinet 
of  J.  Powrie,  Esq..  In  the  second  place,  I  must  express  my  in- 
debtedness to  my  friend  and  former  pupil,  Mr.  T.  Stock,  of  the 
Museum  of  Science  and  Art,  Edinburgh,  and  to  Mr.  B.  N.  Peach, 
of  the  Geological  Survey  of  Scotland,  lor  obtaining  and  forwarding 
these  and  some  other  material  of  which  I  had  need.  Without  their 
kind  aid  this  part  of  the  subject  could  not  have  been  made  complete. 

It  is  scarcely  necessary  to  dwell  long  upon  the  outward  form  and 
appearance  of  the  fossils  ;  they  closely  resemble  the  Ludlow  species 
in  these  respects,  being  oval  in  shape  and  having  a  carved  surface 
marked  with  a  delicate  striatioii  (figs.  7  &  8,  pp.  62,  63).  But  the 
details  are  different  in  several  points.  I  have  seen  no  indications 
of  the  medial  posterior  spine  which  terminates  the  shield  of  some 
of  the  Ludlow  forms ;  the  striation  of  the  surface  also  shows  marked 
distinction.  Instead  of  flowing,  as  represented  in  Prof.  Lankester  8 
monograph,  concentrically  round  an  excentric  point,  like  that  on 
the  shell  of  a  Lingida  or  a  Discina,  it  is  very  irr^ular.  Generally 
speaking,  several  lines  run  round  the  margin,  curving  sharply 
inwards  at  a  point  which  probably  indicates  the  orbit.  From  these 
lines  others  radiate  very  irregularly  towards  one  or  several  centres, 
sweeping  over  the  surface,  separating  and  anastomosing,  and  form- 
ing a  beautiful  and  delicate  tracery  quite  distinct  from  an^ihing 
represented  on  Prof.  Lankester's  figures  (see  fig.  7). 

Professor  Lankester  has  separated  the  fossils  which  form  the  subject 
of  his  memoir  into  three  divisions,  based  on  the  number  of  pieces  of 
which  the  shield  consists.     These  divisions  are : — 

1.  Scaphaspis,     Scutum  simplex,  ovale. 

2.  Cyathaspis.     Scutum  in  quatuor  partes  divisum,  ovale. 

3.  Pteraspis,    Scutum  in  septem  partes  divisum,  sagittiforme. 

Of  these  three,  Scaphaspis  is  the  oldest  and  simplest  form,  and, 
with  one  doubtful  exception,  is  the  only  one  yet  obtained  from  the 
English  Silurian  rocks.  It  is  quite  in  harmony  with  these  facts 
that  the  same  form  should  prevail  among  the  Pennsylvanian  fossils. 
Host  of  them  consist  of  a  single  piece,  but  some  present  appearances 
which  suggest  the  probability  that  they  possessed  other  platee  in 
front  and  laterally.  If  this  prove  to  be  the  case,  they  will  approach 
the  genus  Cyathaspis  of  Lankester. 

In  regard  to  the  microscopic  structure  of  these  fossils  and  their 
resemblances  and  differences  as  compared  with  those  of  the  English 
Ludlow  rocks,  I  must  confess  my  indebtedness  to  the  figures  oC 
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Prof.  Huxley  in  the  Quarterly  Journal  (1858).  Prof.  Lankester 
has  added  little  upon  this  subject*. 

Prod  Huxley  describes  the  shield  of  Pteraspis  {Scaphasfpis)  Lhydii 
as  consisting  of  four  distinct  layers,  which  he  describes  thus  (I.  c. 
P.275):- 

"The  total  thicknesR  of  the  section  is  about  ^q  of  an  inch,  and 
of  this  amount  about  j^  of  an  inch  is  occupied  by  the  inner  layer, 

Kg.  1. —  Vertical  Section  of  the  Shield  o/ Pteraspis. 

(Magnified  100  diameters.) 

[Copied  from  Prof.  Huxley's  figure.  Q.  J.  G.  8.  ▼ol.  xir.  pi.  XT.  flg.  1.] 


0.  *'  Enamel  "-ridges  forming  the  outer  layer.  6.  Bedoular  layer. 

e,  d.  Middle  and  inner  substances. 

«.  CsTity  filled  with  matrix,  one  of  the  supposed  "  ossicles." 
/  Tasciilar  canal.  g.  Matrix. 


•  Prof.  Huxley's  first  figure  is  referred  to  in  his  paper  as  of  Pimupis  (Sea- 
f*«ptt)  Uoyda,  but  Prof.  Lankester  in  rOT)roducing  it,  writes  of  it.  DrobabJy  by 
«»«»gbt,  IS  Pteraspis  roafro^KS,  ^  ^    ^ 
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j-J-T-  of  an  inch  by  the  second  layer,  r^  of  an  inch  by  the  next, 
ana  -^o  ^Y  ^^®  outermost  layer  (fig.  ly* 

"  The  outer  layer  (a)  appears  to  consist  of  a  series  of  papillary  ele- 
vations which  have  a  broad  free  end,  and  are  attached  by  narrow 
bases,  so  that  a  triangular  interspace  with  its  apex  outwards  is  left 
between  every  pair  of  elevations.  The  matrix  filling  these  inter- 
spaces, and  for  some  distance  in  the  immediate  vicinity  of  the  outer 
surface,  is  much  darker  than  elsewhere,  and  has  a  deep  brown  hue. 
The  attached  ends  of  the  elevations  pass  into  a  whitish  substance, 
which,  under  this  power,  looks  similar  to  their  own.  It  is  tra- 
versed by  many  reddish  canals,  which  send  diverticula  into  the  eleva- 
tions (b) At  intervals  of  about  y^^th  to  -rj-o^^  ^^  *^  ^^^  ^^ 

thereabouts,  thin  septiform  processes  are  given  off  from  the  reticular 
layer,  and  pass  perpendicularly  inwards  to  the  inner  layer ;  they 
thus  subdivide  the  second  layer  into  a  series  of  irregularly  quadrate 
spaces,  corresponding  with  die  prisms  seen  in  the  superficial  view. 

"  The  inner  layer  is,  like  the  rest,  whitish,  and  is  traversed  parallel 
with  its  surface  by  four  or  five  much  whiter  streaks,  so  that  it  ap- 
pears to  be  composed  of  only  a  corresponding  number  of  lamellae ; 
but  on  allowing  the  light  to  pass  through  the  section,  it  is  at  once 
obvious  that  each  of  these  apparent  lamellse  is  in  reality  made  up  of 
many  of  the  primitive  laminae  which  constitute  the  inner  layer,  and 
that  the  bright  and  dull  white  streaks  are  due  entirely  to  a  differ- 
ence of  texture  or  composition  in  the  successive  groups  of  laminae." 

The  resemblance  between  Scaphaspis  Lloydii  and  the  Pennsyl- 
vanian  fossils  can  readily  be  seen  on  reading  the  following  descrip- 
tion of  the  latter. 

The  shield  of  these  fossils  consists  of  three  distinct  layers,  inner, 
middle,  and  outer  (see  figs.  2-4,  p.  54).  The  inner  layer  (a)  consists 
of  material  in  which  I  have  been  unable  to  detect  any  appearance  of 
organization,  unless  a  delicate  lamination  can  be  so  called,  of  which 
I  have  occasionally  seen  traces.  The  thickness  of  this  layer  varies 
considerably,  but  is  usually  about  ^^q  ^^  an  inch,  or  from  ^  to  ^  of 
the  total  thickness  of  the  shield.  It  forms  the  floor  on  which  the 
rest  of  the  structure  is  built  up,  and  consequently  lines  the  whole 
concave  side  of  the  fossil.  It  shows  a  very  faint  tinge  of  yellow  in 
almost  all  my  specimens.  Scattered  over  it,  apparently  witiiout  any 
regularity,  are  a  number  of  minute  circular  openings  which  formed 
a  means  of  communication  between  the  body  of  the  animal  and  the 
substance  of  the  shield,  and  through  which,  we  may  infer,  passed 
the  organs  of  sensation  and  nutrition,  or  at  least  the  latter.  Some 
of  these  openings  penetrate  this  basal  layer,  and  enter  the  cavities 
of  the  cells  presently  to  be  noticed,  while  others  pierce  it  opposite 
the  walls,  and  continue  their  course  for  some  distance  in  them, 
before  or  without  communicating  with  the  cells.  These  openings 
pass  through  the  basal  layer  almost  or  quite  at  right  angles,  but  in 
most  cases  a  small  deviation  may  be  noticed.  T^ey  are  about  ^ 
of  an  inch  in  diameter,  but  may  be  distinctly  seen  and  counted  "^w 
the  help  of  a  hand  lens ;  among  them  are  a  few  of  smaller  sixe. 
Both  surfaces  of  this  layer  are  uneven,  and  by  this  means  the  vaiia- 
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tion  in  thickness  above  mentioned  is  produced.  In  almost  all 
specimens  the  upper  surface  shows  adhering  reddish  or  yellowish 
matter,  from  which  it  is  difficult  to  free  it.  This  matter  is  doubtless 
a  portion  of  the  crystalline  substance  filling  the  cells  of  the  next  layer. 

Some  haye  used  the  term  "  enamel "  in  writing  of  this  layer,  but 
I  have  been  quite  unable  to  see  any  trace  of  that  structure  in  it. 
Instead  of  prisms  it  rather  appears  to  be  stratified,  so  that  the  term 
"  nacreous,"  applied  to  Pteraspis  by  Prof.  Huxley,  would  more  accu- 
rately describe  it  There  is,  however,  no  appearance  of  the  pearly 
hstie  that  characterizes  true  nacre. 

The  second  layer  (b)  forms  the  thickest  portion  of  the  shield,  and 
may  be  termed  tiie  cellular  layer.  It  consists  of  a  number  of  cells 
fonned  by  party  walls  of  a  material  resembling  in  appearance  that 
composing  the  basal  layer.  These  cells  have  no  constant  outline, 
but  for  the  most  part  have  4,  5,  or  6  sides,  ^or  have  they  one  size, 
the  larger  being  as  much  as  J^^  of  an  inch  in  their  longest  dimensions, 
while  others  measure  less  than  a  fourth  of  this.  In  shape  too  they 
range  from  nearly  square  to  oblong  and  hexagonal  The  walls  that 
form  them  are  equally  variable  in  size,  ranging  from  -gijj^i^oi 
an  inch  in  thickness.  The  angles  of  these  cells  are  rounded,  the 
partitions  being  thicker  there  than  elsewhere.  The  walls  stand  for 
the  most  part  vertically,  or  nearly  so,  on  the  basal  layer,  and  sup- 
port on  tieir  other  ends  the  third  layer  next  to  be  described.  As 
already  mentioned,  some  of  the  circidar  vessels  enter  them,  and  re- 
main in  them  for  some  distance,  perhaps  through  their  whole 
height ;  others  lie  partially  in  the  cell- wall,  and  partially  in  the  cell. 
The  height  of  the  waUs,  and  consequently  the  thickness  of  the  second 
layer  of  the  shield  is  about  five  times  that  of  the  basal  layer,  or  about 
^  of  an  inch.  ThQ  ceUs  are  filled  with  infiltrated  calcareous  matter, 
which  under  the  action  of  the  weather  is  dissolved  out,  leaving 
an  exceedingly  brittle  cellular  mass  to  represent  the  original  shield. 

The  third  layer  (c)  deserves  the  name  of  the  vascular  layer,  con- 
taining as  it  does  a  perfect  system  of  vessels  imbedded  in  its  sub- 
stance. This  substance  is  the  same  in  appearance  as  that  which 
compoaea  the  basal  and  cellular  layers,  and  is  continuous  with  them. 
Instead,  however,  of  being  solid,  or  nearly  so,  it  is  traversed  by 
vessels,  the  presence  of  wMch  enables  us  to  divide  it  into  two  por- 
tions. The  first  and  lowest  of  these  lies  immediately  over  the 
oovenng  layer  of  the  cells,  and  contains  a  set  of  largo  vessels  running 
perallel  with  the  striation  of  the  outer  surface  (fig.  4).  The  diameter 
of  these  vessels  is  equal  to  the  thickness  of  the  covering  and  basal 
layers,  or  about  ^l-^  of  an  inch.  They  are  perfectly  even  in  outline, 
but  retain  approximately  the  same  diameter,  as  far  as  I  have  traced 
them.  These  vessels  communicate  with  the  cells  through  openings 
in  their  covering  layer,  apparently  forming  in  this  way  a  connexion 
with  every  cell  over  which  they  pass. 

They  likewise  communicate  by  short  branches  of  about  half  their 
own  diameter,  and  tapering  toward  their  outer  ends,  with  another 
set  of  vessels  or  channels  running  parallel  with  and  between  them, 
of  somewhat  smaller  calibre  and  more  regular  margin,  Ipng  slightly 
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above  them  in  tlio  upper  division  of  the  vascular  layer,  and  helow 
the  minute  channels  of  the  upper  and  outer  surface,  with  which 
they  are  apparently  continuoua.  These  highest  canals,  to  which 
possibly  the  term  furrows  would  bo  more  applicable,  have  no 
branches  or  outlets,  so  far  as  I  have  been  able  to  determine,  except 
the  passages  just  mentioned^  nearly  as  wide  as  themselves,  whereby 
communication  is  elfected  with  the  veflaels  lying  below  them,  and 
already  deseribed.  Both  may  bo  readily  seen  sectionally  and  lonp- 
tudiniily  by  cutting  tkiu  slices  of  the  shield  in  the  proper  direcUoa 
(aee  figs*  2,  3,  4). 

Pigs,  2-4, — Se^imis  of  the  Shield  6f  Palseaspis. 

Bg.  4.  Fig.  2. 


Fig,  3. 


Fig.  2. 

rsg.3- 

Fig.  4 


Vertical  longitudinal  scoiion  tiliowing  {a)  bofial  layer;  {5)oeMtil»r  l»y«r; 

(c)  rascylar  Itiyer,  (^)  lower  i>orliuii,  (^)  upper  or  tukdiir  portion. 
Vertical  tnvn.*T/r»e  i*ectioii,  uliowing  {a)  h&^\\  livyer  ;  (6)  oeUuUr  kyer  ; 

(c)  TascuUr  bijen  (^)  lower,  (-)  upper  portiori. 
HorizontAl  e(?<rliuit  tli rough  yascular  layer  of  shield,  showing  the  lower 

bmtiching  Tessels,  the  upper  vessels  or  chumiels,  aud  tiie  ttibules  (aeen 

from  below). 

Lastly,  there  yet  remains  trO  be  described  the  most  remarkable 
part  of  this  outer  or  upper  vascular  kyer^  To  this  I  have  piTen 
the  name  of  the  tubular  division.  From  the  larger  and  lower  of  the 
two  sets  of  vessels  just  described  and  from  its  upjKfr  «ide  there  issue 
a  vast  number  of  minute  tubules  which  branch  and  run  to  right  and 
left,  and  upward  from  the  parent  vessel,  forming  a  minute  and  beau- 
tiful forest- like  growth.  Filled  as  they  are  with  opacjue  matter 
the)'  stand  out  distinctly,  like  dendrites  on  marble,  on  the  light  yel- 
low surface  of  the  mat^irial  of  the  vascular  layer.  They  ^o  not  form 
any  coEnexioB  with  the  large  channels  or  furrows  lying  to  right 
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and  left  of  them,  but  all  direct  their  course  more  or  less  obliquely  to 
the  upper,  outer  surface,  where  their  finest  branches  detail  out  and 
end.  They  perhaps  form  a  communication  with  the  outside ;  but  I 
hare  not  been  able  to  see  their  terminations.  In  some  sections  it 
appears  as  though  an  extremely  thin  transparent  layer  existed, 
covering  and  sheathing  the  whole,  but  of  this  I  am  not  absolutely 
certain. 

The  agreement  between  the  above  description  and  Prof.  Huxley's 
account  of  Scaphaspts  Lhydii  is  so  close  that  no  reasonable  doubt 
can  be  entertained  regarding  their  close  relationship.  At  the  same 
time  certain  distinctions  exist  which^  considered  in  addition  to  those 
of  external  form  and  markings,  have  prevented  my  placing  it  in  the 
same  genus. 

Judging  from  Prof.  Huxley's  figures,  and  the  examination 
which  I  have  been  able  to  make  of  the  structure  of  the  English 
Scaphoipis,  the  vessels  in  the  reticular  layer  pursue  a  very  irregular 
course ;  hence  this  name.  This  is  not  the  case  in  the  fossils  under 
consideration.  Their  vascular  system  (fig.  4)  exhibits  a  regularity 
and  parallelism  of  which  the  figures  of  Scaphaspis  afibrd  no  trace. 
This  alone  instantly  differentiates  the  two.  Moreover,  the  beautiful 
forest-like  appearance  of  the  tubules  radiating  from  the  vessels  is 
much  more  marked  in  consequence  of  this  regularity  than  in  the 
engraving  of  Scaphaspis,  Lastly,  I  have  seen  no  trace  of  the 
crenuladon  on  the  edge  of  the  superficial  striaB  of  which  Professor 
Lankester  makes  mention. 

These,  with  some  minor  considerations,  induce  me  for  the  pre- 
sent to  refrain  from  placing  these  Pennsylvanian  fossils  in  any  of 
Lankester's  genera,  and  I  propose  therefore  to  refer  them  to  a  new 
provisional  genus  to  which  I  have  given  the  name  Paljsaspis*. 

Another  point  must  not  be  omitted,  because  it  forms  to  the  anato- 
mist one  of  the  most  remarkable  features  in  the  structure  of  these 
shields.  In  none  of  them,  either  English  or  American,  has  any 
trace  been  discovered  of  true  osseous  tissues.  The  bone-cells  or 
lacuncB^  and  the  tubules  or  canaliculi  connecting  them  are  totally 
absent,  unless  the  minute  tubular  system  above  described  be  con- 
sidered representative  of  the  latter.  This  remarkable  fact  was  one 
of  the  chief,  perhaps  the  chief  objection  to  admitting  the  claim  of 
these  fossils  to  a  place  among  the  Vertebrata.  But  the  objection  has 
been  overruled,  and  consequently  the  line  separating  the  Vertebratos 
from  the  Invertebrates  rendered  to  that  extent  less  distinct. 

Professor  Lankester  has,  in  his  monograph,  established  the  sub- 
family "Heterostraci"  to  receive  those  forms  devoid  of  true  bony  tissue. 
He  has  thus  divided  Huxley's  family  of  Cephalaspids  into  two  parts, 
retaining  in  the  higher  of  these  (the  "  Osteostraci ")  all  those  forms 
which,  like  Cephalaspis,  possess  bone-cells  and  tubules  (lactirue  and 
canaliculi). 

So  profound  an  anatomical  distinction  merits,  it  appears  to  me, 

*  The  name  Glyptaapis  has  appeared  by  oversight  in  oqe  or  two  preliminarv 
notices  in  magazines  in  reference  to  these  fossils.  Its  ocourrence  was  accidental, 
and  it  most  therefore  be  considered  merely  a  synonym. 
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more  marked  recognition  than  this  from  the  systematist.  It  differ- 
entiates the  animals  of  this  gronp  from  all  the  rest  of  the  Vertebrata 
possessing  a  hard  skeleton.  It  may  or  may  not  be  an  indication  of 
approximation  to  lower  and  older  forms.  But  in  either  case  ao 
marked  and  significant  a  feature  in  the  structure  can  scaroelT 
be  satisfied  with  subfamiliar  distinction  in  the  daasification.  I 
therefore  propose  to  raise  these  aberrant  forms,  the  number  of  which 
is  increasing,  into  a  distinct  family  under  the  name  of  Pteraspidians 
(Pteraspidae),  and  to  limit  the  name  CephalaspidsB  of  Professor  Huxley 
to  the  forms  composing  Professor  Lankester's  group  of  Osteostracans. 

2.  The  Stratigraphical  Horizon  of  Palsdaspis. 

In  the  correlation  of  the  Pennsylvanian  strata  here  concerned 
with  those  of  England,  there  is  fortunately  little  difficulty  in  estab- 
lishing certain  definite  horizons  in  both,  which  from  a  paheontological 
point  of  view  may  be  regarded  as  equivalents.  As  may  be  seen  in 
the  table  (p.  59),  the  English  Lower  Ludlow  lies  on  the  horizon  of  the 
Water  Lime  of  Pennsylvania  and  New  York.  This  correlation  rests 
mainly  on  the  presence  and  first  appearance  in  both  of  huge  Crus- 
taceans of  the  types  of  Eurypterus  and  Pterygotus,  On  both  sides  of 
the  Atlantic  this  horizon  is  especially  characterized  by  these  forms. 
On  both  sides  they  suddenly  attain  in  this  stratum  very  great  pro- 
minence, and  from  it  they  rise  into  higher,  but  are  scarely  known  in 
lower  beds. 

The  Lower  Ludlow  contains  the  oldest  vertebrate  fossil  yet  known, 
the  single  specimen  of  Scaphaspia  ludensU  found  in  1859.  The 
Water  Lime  of  Middle  Pennsylvania  has  yielded  no  remains  of  fish, 
and  it  lies  about  300  feet  below  the  place  of  the  locally  absent 
Corniferous  limestone,  the  lowest  American  fish-bearing  horizon. 
Below  the  Water  Lime  lies  the  great  mass  of  coloured  shale  forming 
the  medial  part  of  the  fifth  group  of  Rogers  (Geol.  Survey  of  Penns.). 
This  is  divided  in  Middle  Pennsylvania  as  follows : — 

feet. 

The  Grey  Shale 200 

The  Variegated  Shale   700 

The  Red  Shale  700 

At  the  top  of  the  second  division  lie  some  thin  beds  of  variegated 
Sandstone  which  I  have  named  "  The  Bloomfield  Sandstone."  In 
this  bed  were  found  the  fossils  here  described.  It  is  exposed  near 
New  Bloomfield,  Perry  Co.,  Pennsylvania. 

In  a  paper  recently  read  before  the  American  Philosophical  Society 
and  printed  in  their  Proceedings  for  1884, 1  have  discussed  the  evi- 
dence for  the  age  of  the  "  Fifth  group  "  of  Pennsylvania.  Space 
will  not  allow  the  reproduction  of  the  argument  here,  but  in  Uiat 
tract  I  have  shown  that  the  shales  above  mentioned  are  Uie  equivalent 
or,  rather,  the  continuation  of  the  Onondaga  Shale  of  New  York,  a 
series  immediately  underlying  the  Water  Lime. 

On  this  view  of  the  correlation  of  the  English  and  American 
strata,  the  Onondaga  Salt  group  has  no  equivalent  in  England.  It 
is  so  represented  by  Sir  E.  Murchison  (Siluria,  p.  472),  who  in  this 
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place  quotes  firom  Sir  A.  Eamsaj.  The  Lndlow  rocks  are  considered 
by  these  writers  as  the  correlates  of  the  lower  part  only  of  the 
Lower  Helderberg  (Water  Lime)  of  New  York,  leaving  the  upper 
portion  of  the  Lower  Helderberg  also  without  any  English  equiva- 
lent. In  both  these  respects  the  views  of  Professor  James  Hall 
coincide  with  those  above  stated.  In  the '  PalsBontology  of  New  York ' 
(vol  iii,  p.  34)  he  writes : — 

*^  Since  the  presence  of  Eurypt&rus  is  regarded  as  marking  the 
T^peimost  strata  of  the  Silurian  system  of  Great  Britain,  our  Lower 
Hdderberg  group  constitutes  a  series  of  strata  not  recognized  and 
probably  not  existing  in  the  British  Isles." 

Professor  Hall  then  gives  the  following  table  illustrating  his  views 
on  the  correlation  of  these  beds : — 

New  York.  Great  Britain, 

Lower  Helderberg. 

Water  Lime.  Lefiznahago  Beds. 

Onondaga  Salt  Ghroup. 
Niagara  Ghroup.  Wenlock  limeBtone. 

The  inference  is  reasonable  that  these  Pennsylvanian  Pteraspids 
are  older  than  the  Scaphaspis  luderuis  of  England,  by  the  time  re- 
quired for  the  deposition  of  200  feet  of  strata. 

To  avoid  returning  to  this  subject,  I  will  here  add  that  the  English 
Wenlock  group  is  placed  on  the  horizon  of  the  American  Niagara 
on  evidence  which  has  never,  so  far  as  I  know,  been  disputed.  Sir 
B.  Murchison  wrote  in  1859  (Siluria,  p.  460) : — 

"The  Niagara  shales  in  all  respects  resemble  the  well-known 
Wenlock  shale  of  Britain ;  whilst  the  chief  or  central  mass  of  the 
Upper  Silurian  rocks  in  North  America  is  that  called  the  Niagara 
limestone,  which  unquestionably  represents  the  Wenlock  and  Dud- 
ley limestones  of  England  ss  well  as  of  Gothland  in  the  Baltic. 
These  rocks  appear  to  contain  a  greater  number  of  fossils  identical 
with  those  of  Europe,  than  do  the  Lower  Silurian  strata  of  the  same 
districts ;  '*  among  them  are  the  following  : — 

Li$t  of  JFbenls  common  to  the  American  Niagara  and  the  English 
Wenlock  Limestone. 

Oalymene  Blumenbachii,  Brongn.,       Orthis  hybrida,  8by. 

now  O.  niagarensis,  Hall. 
Homalonotiis  delphinocephaluB,  Ortfaooeraa  annulatuzn,  8by, 

trrctfim 
Bnmastiu  bairiensis,  Murch.^  now      Euoalyptocrinui  deoonis,  PkiU, 

XUaenoe  Ioxub,  HaU, 
Bhrnehonella  ouneata,  Holly  now       ?  BeUerophon  dilatatua,  Sby. 

Sbynchotreta    cuneata,  var. 

americana. 
BhyndioneUa  Wileoni,  8inf.  Favoeitee  gothlandioufl,  Lam, 

?  Pentamema  galeatus,  Bdm,  Favosites  alveolariB,  De  BlainviUe, 

Orthia  elegantola,  Jhlm,  Halysites  catenolatua,  Linn, 

Excluding  two  species  from  the  list,  for  the  presence  of  which  in 
the  Niagara  I  can  find  no  evidence,  and  considering  the  close  resem- 
blance of  the  three  that  now  pass  under  other  names,  we  have  twelve 
species  common  to-  the  two  groups.  Their  equivalence  admits  of  no 
question. 
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Traces  of  Fish  in  the  Onmidaga  Red  ShaU* 
About  1000  feet  lower  in  the  Onoada^^^a  group  I  have  fomid  two 
or  three  thin  beds  containing  comminuted  scales.  Thoj  are  asso- 
ciated with  other  beds  containing  in  abundance  Ltptrdiiia  alia. 
They  are  so  thin  and  fragmentary  that  I  have  been  unable  txi  make 
a  complete  examination  of  them.  They  consist,  so  far  as  I  have 
determined  their  structure,  of  homogencoui  material  destitute  of 
bone-cells  and  canaliculee,  but  resembling  in  all  respects  the  solid 
layer  of  Palasaspis^  From  their  condition  and  the  appearance  of 
the  rock,  I  have  been  sometimes  inclined  to  conaidcr  them  coprolitic 
in  origin-  In  any  caae  they  carry  back  the  existence  of  fish  by  an 
interval  represented  by  about  1000  feet  of  strata- 

Traee^  of  Fish  hi  the  Iron  Stimhtone, 

Kor  19  this  quite  the  whole.     Underlying  the  Eed  shale  by  about 
350  foet,  and   consequently  about  700  feet  below  the  relics  last 
mentioned,  i-i  the  Iron  Sandstone,  a  bed  of  hard  coarse  material,  the 
position  of  which  I  have  determined  (in  the  paper  already  referred 
to)  near  the  middle  of  the  Clinton  group,  and  at  least  1KK>  feet  below 
the  Ore  Sand-rock,  a  well*known  horizon  in  Pennsylvania,  containing 
numerouB  Clintcn  fossils,  for  exam  pie- 
Bey  nchia  lata,  Vanu^cm. 
Ormocerae  Tertebratum,  Hall, 
Calymmo  Clinton i»  Vanuxem* 

Its  horizon  is  consequently  beyond  dispute. 

In  this  fiandstoue  I  have  found  a  thin  layer  closely  packed  with 
broken  plates  somewhat  similar  to  those  last  mentioned,  but  in  better 
conthtion*  They  are  very  thin,  but  almost  evciy  well-preserved 
fragment  shows  a  superficial  striation  closely  resembling  that  of 
FaLemi/is.  Accompanying  them  are  a  few  tine  spines  much  like 
those  above  described  under  the  name  0,  pettrntr/hmnictts.  For  theee 
I  propose  the  name  Ofwhtts  clintoni  (j).  01,  fig,  0). 

Besides  the  acturil  relies  of  fiifh  already  mentioned  from  the  Iron 
Sandstone,  the  bed  is  charged  with  small  white  pellets  about  as 
large  as  peaa.  An  examinatitm  of  one  of  these  by  Mr,  A.  S, 
M*"Creath,  Chemist  to  the  rennsylvania  JSurvey,  gave  the  foOowing 
result  I — ' 

Partial  Analt/sts  of  tM  **  White  SpecJcs^^  in  Iron  Sandstom, 

Phoephorusi  .,..,.. ,,...,„..........».„     6*478 

BepresPiitiDg  Pht>q>borio  Acid ,„..  14*657 

Phosphate  of  Lime  .,... , 32*30 

I  infer  therefore  the  coprolitic  nature  of  these  pellets,  and  the 
evidence  thus  obtained  is  confirmatory  of  the  statements  already 
made. 

An  examination  of  the  appended  Table  of  strata  (p<  59)  will  sum- 
marize to  the  eye  the  results  here  given,  and  will  bear  out  tho 
assertion  made  at  th<^  outlet  that  wo  now  have  evidence  of  tlie  ex- 
istence of  tish  in  Pennsylvania  at  aii  earlier  date  than  in  any  other 
part  of  the  world  (Cenodonts  of  Pander  excepted). 
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Appendix. 

Former  reported  Discoveries  of  Fish-remains  in  American 
Silurian  Mocks, 

The  discovery  of  fossil  fish  in  the  Silurian  rocks  of  North  America 
has  been  announced  on  several  former  occasions ;  but  in  every  case 
investigation  has  shown  some  mistake. 

Dr.  Newberry,  in  his  "Monograph  on  Fossil  Fishes"  in  the 
*  Palaeontology  of  Ohio'  (vol.  i.),  has  alluded  to  four  such  instances, 
and  says  that  these  are  aJl  that  have  come  to  his  knowledge.  They 
are  the  following : — 

•  1.  In  the  second  volume  of  the  'Palaeontology  of  New  York'  Prof. 
Hall  described  and  figured  a  large  spine  under  the  name  of  Otu^mt 
Dewii,  from  the  I^iagara  group  of  Lockport,  N.Y.  This  is  now,  how- 
ever, admitted  to  be  a  spine  of  a  Crustacean.  In  the  same  place 
Professor  Hall  alludes  (without  figuring  them)  to  other  species  from 
the  Shaly  Limestone  of  the  Lower  Helderberg  and  from  the  Clinton 
group.  What  these  were  I  do  not  know,  but  presume  that  they 
proved  to  be  of  a  similar  nature  *. 

2.  Hugh  Miller,  in  his  'Footprints  of  the  Creator/  p.  143, 
copying  from  the  *  American  Journal  of  Science,'  2nd  ser.  vol.  L 
p.  62,  gives  a  figure  of  a  lai^e  fin-spine  said  to  have  been  found  in 
the  Onondaga  Salt  group.  It  has  been  proved  to  be  a  specimen  of 
Machasracanthus  major  from  the  Onondaga  Limestone  of  the  Conii- 
ferous  group. 

3.  Messrs.  Norwood  and  Owen,  in  the  'American  Journal  of 
Science,'  2nd  ser.  vol.  i.  p.  367,  described  a  new  fossil  fish  fit)m  the 
Upper  Silurian  rocks  of  Indiana,  and  the  error  has  been  copied 
several  times  by  other  writers.  It  was  a  head  of  MacropetdlieMtys 
from  the  Comiferous  Limestone. 

4.  Dr.  Newberry,  quoting  Sir  Charles  Lyell  ('  Travels  in  North 
America,'  1842,  vol.  ii.  p.  37),  says  that  Sir  Charles  was  informed 
by  Professor  H.  D.  Rogers  that  he  and  his  brother  "  had  traced  the 
^ales  of  fishes  through  strata  of  Clinton  age  from  the  south-western 
part  of  Virginia  to  the  north  branch  of  ^e  Susquehanna  in  Penn- 
sylvania." In  the  light  of  the  facts  recorded  in  the  preceding  paper 
this  is  a  somewhat  remarkable  statement ;  but  in  the  'Gleology  of 
Pennsylvania,'  vol.  ii.  p.  824,  Professor  Eogers  writes : — 

"  The  earliest  date  at  which  actual  fishes  appeared  in  the  Appa- 
lachian or  Palaeozoic  seas  of  North  America  was  that  of  the  Post- 
meridian strata,  numerous  specimens  of  the  ganoid  dasB  having  been 
recently  found  in  the  upper  Cliff  or  Comiferous  limestone  of  Ohio. 

*  In  this  oonnezion  a  rather  singular  and  surprising  statement  may  be 
noticed.  Prof.  Hall  says  (I.  c,  1852) :— "  In  England  we  nave  pontiTe  eridfliiee 
of  the  existence  of  fish-remains  in  strata  of  the  age  of  our  Trenton  limestone  and 
Hudson-rirer  groups."  It  is  hardly  necessary  to  add  that  this  statement  must 
rest  on  some  misconception  and  that  no  foundation  for  it  has  ever  existed. 
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This  rock  is  very  nearly  on  the  horizon  of  the  lowest  Devonian  of 
Earope,  in  whidi  corresponding  iohthyic  remains  are  well  known.'' 

Professor  Bogers  goes  even  further  and  adds,  *'  It  must  be  enun- 
dated  as  a  genenJ  fact  that  hitherto  no  traces  have  been  discovered  of 
any  vertebrate  animal  whatsoever  during  all  those  earlier  PalsBozoic 
ages  which  are  embraced  in  the  Cambrian  and  Silurian  periods  of  the 
English  geologists,  or  the  equivalent  Primal,  Auroral,  Matinal, 
Levant,  Surgent,  and  ScaUnt  periods  according  to  the  nomenclature 
of  the  Pennsylvania  Survey  ^*. 

To  reconcile  these  quotations  is  difficult  Professor  Rogers  could 
not  well  have  forgotten  seeing  fish-scales  in  the  Scalent  and  Surgent 
groups  had  he  really  done  so.  Such  f orgetfalness  would  be  especially 
difficult  to  one  who  believed  that  even  in  Europe  no  fish-remains  of 
that  date  were  known.  Sir  Charles  Lyell's  character  for  accuracy  is 
too  well  known  to  need  assertion.  It  is  possible  that  Professor  Bogers 
saw  the  scales,  for  they  were  there.  It  is  also  possible  that  Sir  C. 
Lyell's  memory  was  at  fault.  Altogether  it  is  a  rather  singular 
example  of  divergence  between  the  statements  of  two  eminent 
geologists. 

Description  of  the  Species. 

OhCHTTS  PKfirSTLVAHICtJS,  sp.  u.      (Eig.  6.) 

Spine,  when  complete,  about  half  an  inch  long,  with  a  diameter 
at  base  of  about  one  eighth  of  an  inch,  very  slightly  curved  and  con- 
sisting of  an  inner  core  (perhaps  only  composed  of  material  filling 
an  original  cavity)  and  an  outer  sheath.  The  outer  portion  shows 
a  fluted  surface,  with  eight  ridges  in  the  quarter  of  the  circumference 
which  is  visible ;  ridges  rounded,  their  height  being  about  half  their 
breadth  ;  the  furrows  between  them  acute  at  base  and  formed  merely 
by  the  edges  of  the  two  ridges  without  any  breadth. 

Locality  and  horizon.  Perry  county,  Pennsylvania,  in  the  Bloom- 
field  Sandstone  or  uppermost  member  of  the  Onondaga  Variegated 
Shales. 

Pig.  6. — Onchus  pennsylvani-       Fig.  6. — Onchus  oUntoni 
cos,  showing  fiated  sarfau 
and  core* 


Okchtts  CLnrTOia,  sp.  n.    (Pig«  6.) 

Spine  slightly  curved,  the  part  visible  about  half  an  inch  long  and 
^wing  on  the  one  side  5  rounded  low  ridges  meeting  each  other 

*  Aii  statement  appeared  in  1858. 


Digitized  by  LjOOQ IC 


62 


PBOF.  E.  W,  CLATPOLB  OK  n!lHA8Pn>IAK  FKH  IH 


without  interrening  epaces ;  furrows  betweea  ridges  conaequently 
angular.     Diameter  at  base  about  one  eightli  of  an  inch. 

Horizon  and  hcalitif.    Clinton  group,  Iron-sandatone,  Perry  oo., 
Peunsjlvania. 

PaIuBAspib,  g,  n, 
The  gcnui  haa  been  enfficiently  described  in  the  body  of  the  paper. 

Fig,  7, — Outline  of  Shiehi  o/Palieaspi8  americmna,     (Nat.  size.) 


The  itrUtion  is  ahown  only  oyer  a  pnrt  of  the  shield,  but  extendi  feillj 
over  all. 

PaLJEAsPIS  AHEEICAFA,  ip,  n.      (Pig.  7.) 

Shield  elliptical  in  outline,  truncate  at  one  end,  convex  on  upper 
surface,  between  two  and  tbree  inches  long  ;  lateral  edges  rolling  iu 
under  the  upper  surface ;  thickness  not  exceeding  ^^  inch  over  its 
"wholo  extent.  Upper  surface  coYcrcd  witb  a  tracer)'  conBiating  d 
fine,  delicato,  flowing,  depressed  lines  branching  <iud  anastomosing, 
but  in  general  keeping  directions  rudely  parallol,  often  abruptly 
curving  near  the  end  from  botli  sides  towards  the  medial  line,  where 
tisey  tenninute  without  ending  in  a  spine, 

LocaUtjf  and  fmrizmi.  Perry  county,  Pennsylvania,  in  the  Bloom- 
field  Sandstone  or  uppermost  member  of  the  Onondaga  Variegated 
Shales. 


Pai^aspis  BrmrrwcATAp  sp*  n.     (Kg.  8.) 

Shield  elliptical,  truneate  at  hoih  ends,  more  convex  than  P. 
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ricana.  Ends  straight  or  concave.  In  other  respects,  in  form  and 
m  ornament,  this  species  does  not  differ  from  the  former. 

The  abmptly  truncate  appearance  of  this  species  suggests  the 
probability  that  at  least  a  rostral  plate  adjoined  the  cephalo-thoracic 
shield,  in  which  case  it  most  likely  possessed  also  marginal  pieces. 
Such  a  stmcture  would  bring  it  into  close  relation  to  Lankester's 
CyaihatpU. 

Loadity  and  horizon.  As  those  of  preceding  species. 

Pig.  8. — Outline  of  Shield  of  Pateaspis  bitruncata.     (Nat.  size.) 


Discussion. 

Dr.  WoonwABi)  said  he  was  glad  the  author  had  discovered  the  cana- 
liculate layer  in  these  fossils.  Professor  Lankester  could  not  detect 
it  in  the  specimens  examined  by  him.  The  oldest  of  these  American 
remains  certainly  appeared  to  be  more  ancient  than  any  known  in 
Europe.  He  referred  to  the  discovery  by  Dr.  Lindstrom  of  the 
rsmains  of  a  Scorpion  in  beds  of  Upper-Ludlow  age  in  Gotland, 
and  stated  that  a  specimen  so  similar  as  certainly  to  belong  to  the 
same  genus,  if  not  to  the  same  species,  had  been  discovered  at  a 
still  earlier  date  in  the  Upper  Ludlow  of  Lanarkshire  by  Dr.  Hunter ; 
although  owing  to  the  illness  of  Mr.  Peach,  to  whom  it  was  sent, 
its  occmTence  had  not  been  recorded. 

Professor  T.  Rupbbt  Jones  doubted  if  the  older  specimens  described 
by  the  author  were  as  well  defined  as  those  of  the  upper  beds,  and 
xenuirked  upon  the  gap  between  the  Wenlock  and  Ludlow  beds 
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that  tniiKt  bn  assumotl  to  oxht  id  tie  European  seriea  of  depsitaif 
tlic  0  nth  or  a  ^tmli^jmphical  views  were  rarred. 

>lr-  H0PKIN8QN  eriid  thut  there  ctujlrl  htirdly  he  a  gap  between 
tb<^*  A^'eTrlot'k  and  Ipudlr^w  senc^s  in  Ibis  eoiintr},  aeeiBg  thit  » 
Tnaii}'  species  of  Crrsiptoliica,  and  also  other  fossils,  pasi^^^d  iioiDt^- 
rnivtedJy  from  the  hiV^hest  beds  of  one  into  tlie  lowest  of  theotkr, 
that,  from  ?i  paheuntolorpeni  point  of  view^  it  was  difflcuit  to  dnw 
tlie  lino  1  It t ween  them. 

Mr.  BLvxnniis  said  thiil  Professor  Cla3'|iole  did  not  assort  that  aiiT 
break  occurred  between  the  Wenlork  nnd  hudlow,  but  appartntlj 
tiiO  stages  were  more  iuiTntrnuR  lu  A  in  erica  tbnu  on  this  side  of  the 
Atlantic.  He  also  indieuted,  from  lu^  own  experience,  howdifitcalt 
it  olU'H  is  to  decide  whether  a  break  nccura  between  different  beda, 
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9,  On  a  KEw  Deposit  of  Pliocene  Age  at  St.  Erth^  near  the  LAin>'t 
£in>,  Cornwall.  By  the  late  Sbarlbs  Y.  Wood,  Esq.,  F.G.Sb 
(Read  November  6, 1884,) 

br  the  autumn  of  1883  my  friend  Mr.  F.  W.  Harmer,  F.G.8.,  being 
at  Penzance,  chanced  to  hear  of  the  occurrence  near  that  place  of  a 
bed  containing  some  shells  not  recognized  as  now  living  on  the  coast 
of  ComwalL  Being  introduced  to  Mr.  Thos.  Cornish,  of  Penzance, 
as  a  gentleman  who  had  taken  an  interest  in  the  qiatter,  he  got  him 
to  forward  to  me  such  of  the  shells  as  he  possessed.  These  consisted 
of  specimens  of  Ncusa  mutahUis,  N.  senrata,  and  Turritella  triplicata ; 
and  I  sent  them  to  Mr.  Kobert  Bell,  F.G.S.,  to  see  and  to  show  to 
Dr.  J.  Gwyn  Jeffireys.  We  all  three  doubted  their  being  genuine, 
the  Na$ta  presenting,  indeed,  the  appearance  of  imperfect  fossiHza- 
tion. 

Sometime  afterwards  Mr.  Cornish  sent  me  some  more  specimens. 
These  removed  my  doubts ;  but  from  the  incredulity  with  which 
Mr.  Bell  was  met  in  the  comparisons  which  he  made  of  them  for 
me  with  specimens  in  the  recent  and  foreign  collections  of  the 
British  Museum,  I  pointed  out  the  desirability  of  having  the  pits 
reopened  before  I  brought  the  matter  to  the  attention  of  the  Society, 
aod  this  Mr.  Cornish  determined  to  have  done. 

The  psst  exceptionally  dry  summer  in  Cornwall  has  afforded  the 
opportunity  for  this ;  and  on  the  26th  of  August  last  a  party  con- 
Bistbg  of  our  Foreign  Secretary,  Prof.  Warington  Smyth,  and 
twelve  other  gentlemen,  mostly  geologists,  residing  in  the  county, 
accompanied  Mr.  Cornish  and  witnessed  the  reopening  of  one  of 
the  disused  excavations,  obtaining  also  a  few  of  the  shells.  Some 
of  the  day  then  extracted  Mr.  Cornish  despatched  to  me;  and 
from  it  and  more  since  had  I  have  extracted  several  of  the  species 
mentioned  in  the  sequel,  including  among  them  two  out  of  the  three 
first  to  sent  me  by  Mr.  Cornish. 

In  the  interval  Mr.  Cornish  got  together  what  further  specimens 
he  could  hear  of,  including  some  entrusted  to  him  by  Mr.  Goodman, 
of  St.  Erth,  and  put  me  into  communication  with  Mr.  Nicholas 
Whitley,  of  Truro,  who  had  brought  the  subject  of  this  fossiliferous 
bed  incidentally  before  the  Boyal  Geological  Society  of  Cornwall  in 
1882,  and  Mr.  F.  W.  Millett,  of  Marazion,  who  was  engaged  in 
searching  the  material  of  it  for  Ostracoda  and  Foraminifera,  both  of 
whom  sent  me  what  molluscan  remains  they  had  obtained  from  it. 
Since  the  reopening  of  the  pit,  also,  the  Yicar  of  St.  Erth  has 
mterested  himself  in  the  matter,  and  sent  me  some  further  contribti- 
tioDs  to  the  total  species  that  I  have  in  this  way  got  together. 

Mr.  Cornish  informs  me  that  the  area  occupied  by  the  bed,  so  far 
as  its  extent  is  known,  does  not  exceed  an  acre,  the  first  excavation 
in  it  (the  one  that  he  has  now  got  reopened)  having  been  com- 
menced about  50  years  ago,  for  the  moulding  sand  upon  which  the 

Q.J.G.8.  No.  161.  F        ^  . 
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foHRiUferous  cky  rosts,  but  abandoned  i^ome  ten  yeora  since.  In 
1881,  ckv  being  required  for  the  pudtlling  of  a  dock  whicli  was 
then  being  coustructed  at  Penzance,  the  excavations  were  at  his 
in  stance  renewed,  the  upjier  (jellnw  and  unfossiliferouB)  clay,  into 
>vbieh  the  blue  elay  yielding  tbc  sbeUH  passes  np wards,  being  found 
suitahle  for  this  purjwse  ;  since  whiuh  the  pits  hftTe  again  fall  en 
into  disuse.  It  was  during  this  rcnewiil  of  the  ex'^avations  tbnt 
Mr.  Whitley  visited  them,  obtiiined  the  shells  mentioned  in  his  paper, 
nnd  recorded  the  sections  in  bis  note-book  from  whicb  the  one  I 
herewith  give  (%,  1 )  is  taken.    Mr.  Comiah  exbibited  at  the  Jubilee 

Fig.  t, — Pit  near  St,  Erih  Vt'variHfe.from  the  ^ot/s-Booh  of 
Mr.  Kicliohts  Whitli'i/^  of  l^rtiro. 


2.  Clnjey  loam  full  of  nngidur  *!tcnif5<  pitched  at  all  nnglee,  but  mostlv  iipri^bt, 

3  to  o  feet.  iThh  le  probablv  tbe  fonnatioTi  (lestTibed  under  the  Utter  y  in 
my  Ni^wer  P]ioe<*np  Mpmoir  in  Quart.  Jotmu  GeoK  Soc,  vol.  xixriii.  p.  T:3l>» 
tinder  whitb  the  aiieient  beoi-hc^  of  the  eoath  ixmst  arp  buried,  ind  wb*cb 
bafi  a  gn^nl  eifetiBtcjn  tii  Cornwall.) 

3.  Stcmee  eenipiitKl  with  oxide  of  iron,  ilc  .,  0  to  12  inchee, 

4.  Tenaeiou*  yelli.w  clav  with  unreeogniEiible  frfigment*  of  aomt  bliFttlvf  tbcU 

pntwiiig  down  into^ — 

5.  Blue  clny,  very  irregidar,  3  to  5  feel  (and  more  in  plaoefl),  and  csooUimi^ 

mariiiB  Bhellfl. 

6.  "Rne  fund,  bnfie  rol  expoiied,  but  dt»itTil>ed  hy  the  workmcD  as  hAving  gr&rel 

and  nibble  at  bottoiTi,  iT*tin^  on  rock. 


meeting  of  the  Falmoutb  Polytecbnic  Institution  in  1882 
specimens  of  the  f^bells,  but  the  first  (and  only)  scientific  notice 
wliich  has  been  given  of  the  bed  is  a  short  paper  by  Mr,  Nicholaa 
^Mritley,  publifthed  in  the  Transactions  of  the  Hoyal  Geological 
Society  of  Cornwall  for  Janiianf  18S:>,  entitled  "On  the  Evidence 
of  Olaiial  Action  in  Cornwall/'  in  w  hich  he  incidentally  refers  to  the 
St.  Erth  bed,  and  gives  a  bsl  of  ten  species  of  Mollusca  that  he  had 
obtained  from  it,  and  bad  submitted  to  Mr.  G.  B.  Sowerb} ,  Junior,  for 
identiiica-tion. 

On  my  writing  to  Mr.  Wbitley,  and  pointing  out  to  Mm  that  he 
bad  been  mistaken  in  referring  tbe  bed  to  Glacial  age,  he  not  only 
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put  ^686  specimens  into  my  hands,  as  well  as  some  more  that  he 
had  subsequently  procured,  and  sent  me  his  note-hook  with  the 
sections,  but,  to  satisfy  my  inquiry  as  to  the  elevation  of  the  bed, 
Tisited  the  spot  again,  and  ran  a  set  of  levels  from  mean  tide-mark 
on  Uie  Hayle  shore  to  the  pit,  by  which  he  ascertained  that  the 
elevation  of  the  part  from  which  he  obtained  his  specimens  is  98 
feet  above  ordnance  datum,  the  surface  of  the  ground  being  about 
15  feet  higher. 


Fig.  2. — SecUan  across  the  Valley  of  the  Hayle  at  St.  Ei'th. 


The  Hayle 
fistoary. 


E.S.E. 


Bea-level. 


fl,  «.  Ancient  rocks.  h.  Recent  and  Prehistoric  silt. 

•  ---  Line  showing  the  probable  surface  of  the  sea  in  the  strait  in  which  the 
St.  EHh  shells  lired. 

The  pits  are  on  the  eastern  slope  of  a  tract  of  low  ground  that 
extends  from  Penzance  and  Marazion  on  the  south  coast,  to  St.  Ives 
Bay  on  the  north  coast  of  the  count}',  cutting  off  the  high  ground  of 
the  Land's  End  district  from  the  rest  of  Cornwall.  The  bottom  of 
this  low  tract  is  occupied  by  beds  of  peat  and  of  estuarine  or 
marine  silt,  altogether  unconnected  with  the  bed  in  question,  and 
which,  from  the  specimens  of  Mollusca  sent  to  me  by  Mr.  Cornish 
from  some  excavations  in  them,  appear  to  be  of  that  recent  date 
which  marks  the  last  depression  of  Britain  *  and  belongs  to  the 
Neolithic  period. 

As  this  tract  cuts  through  the  highland  formed  of  ancient  rocks^ 
it  must  at  the  time  of  the  deposit  of  the  St.  Erth  beds  have  been  a 
strait,  separating  the  Land's  End  region  from  the  mainland  of 
Britain ;  but  no  other  indication  of  this  deposit  has  hitherto  b«en 
detected. 

[The  author  here  added  a  provisional  list  of  Mollusca  obtained  by 
him  to  the  nxmiber  of  about  50.  As  this  list  was  confessedly  im- 
perfect, he  expressed  his  intention  of  preparing  and  publishing 
hereafter  a  foil  description  of  the  fauna,  with  figures  of  the  new 
species;  it  was  withdrawn  by  him  with  the  permission  of  the 
OoondVI 

Of  the  species  obtained  by  me  from  the  bed,  three,  viz.  Cypraa 
awUana,  Nassa  granulata,  and  Melampus  pyramidalis^  are  Eed- 

*  The  sueceflsion  of  events  traced  in  my  memoir  on  the  Newer  Pliocene 
period  in  England,  Q.  J.O.  S.  toI.  xxxriii.  p.  732,  terminates  just  prior  to  this 
W  ^pretsion,  whi^  is  only  briefly  adverted  to,  and  then  only  in  respect  of 
tiw  amotmt  of  depression  that  has  taken  place. 

»g8zed  by  Google 


OS  5,  V,  wnoD  OS  I  x^:w  iffjposix  uf  ^LI0€2^^*E  agk 


n 


(*nl^  form^  iint  known  liviiif*-.  Tht^  fir^st  two  nre  probably  alfl^ 
specif ^s  nl'  \\\i}  JHiK  t'lie  t>lf  Touraiiio,  as  Cifpiiut  affurh^  and  Bucdimni 
fjMfufn'itm,  of  Ihjjrirdiii. 

Tlh' giffii  mniicfUod  form  of  Cahffttt'iif  WnMf/?^!*,^  does  not  occni 
in  Ihi^  Miuccni^  of  ynuier,  the  form  tb^To  Ipciti^?  t^maU.  A  lariK^' 
form  uf  lliM  species  is  tij^iired  l>y  HiirTN'K  froui  the  Vicnnn  bedi, 

yft.iSft  atrriifff,  imd  iJI  thi'  forms  of  it  figured  as  dir^tinct  species 
br  lj*"]lirdi,  m  ^vell  us  iV.  luuili^nui.  do  not  iK-eur  iibove  the  Lower 
Flioeene-  X  .'unyttfi,  N.  Kmifittttfr^  ;hk1  tme  (*thev  syit^dea  of  the 
griinji  (X  hiSitttnsis,  rar.  A)  oeenr  bIro  in  lln*  LTpjier  Miocene,  None 
arc  known  livlni^. 

Ntis^fi  rtctui><ifttf(f  i&  n  s|iecies  of  tbc  Ipjier  Pliocene  oilIt.  It  is 
EOt  known  living, 

TitrriiJIn  iyipltitftif  uml  liutf/tcnlft  /tUdttitrt  do  not  lire  BOrth  of 
Tigo  (lilt,  1:^  ),  wbenee  tlitv  rorii,'e  .soutbwiirds  to  the  Canaries, 
and  tlirnndi  tbt/  Mtditerraneim.  JJotb  i\Yv  nmnu^  the  commonosit 
epeeiert  of  the  Ci>i:illine  Crag. 

Kiffi.^a  mt'ttthiliji,  i\s  well  us  all  Ibe  X^^.^fr  of  that  group,  and 
Kfiihrifi  oifitrti^  urt/  nnh  known  as  fossila  from  South  European 
lied:^.  In  tlie  living  state  Xfts.-ia  intitrthifis  and  /Ct*{Jtnti  corma 
nm[^e  llironL^h  tjif  Mrditerranean  ;  bnt^  oubide  that  sea,  tbeir 
nfiTtlK'innit>st  place  of  oceurrencf*  is  Cadiz,  in  lat,  36'  30'.  Hie 
Bhells  li;: sired  by  lirowD,  Nyst,  and  othera,  as  Fftms  contens,  Mong 
to  a  ;>rouji  oJf  which  J'^isus  i^hiitlints^i^  the  typt^  and  which  inhabits 
tbo  No  ill  I  and  Arctic  Seas^  and  occni-s  in  the  North- Re  a  Crag,  older 
and  Ticwen 

Natiia  itidhi/nuritifa  ia,  in  the  living  atatJ?,  confined  to  the  Medi- 
terranean ;  but,  in  tbf  fos&il,  it  oeenrs  in  the  Ifiotu^ne  and  Plio<M^ae 
of  Son  t  hern  En  rope  in  gr^neral.  The  Coralline  and  Ei^-d  Cnig  form^ 
X.  mulfijfttmiatff,  my  father  did  not  eon^ider  ideiiticiil  with  it. 

Arhifti^  i,rolrtit  is  reprc^^ented  in  the  lied  Crag  hy  A,  leniifarmiji, 
J.  Sow.,  a  cb>sely  allied  but  idmtical  shell.  It  is  not  known  from 
the  CoTJilliTje  Cra^',  Init  is  regarded  as  a  Pliocene  gpecitis.  It  » 
fdso  a  SoiUh-Ualian  Pliocene  fossil^  and  ranges  living  from  Norway 
to  tht'  Mi-Hliternineaii, 

Ui  the  ntlrer  species  obtained,  save  those  pcenhar  to  the  depomt, 
most  ranfie  in  th<^  living  state  from  Norway  to  the  CananeSf  and 
throngb  the  M edit rrran can. 

One  of  them  only  i.s  kriown  to  reach  the  Greenland  or  &pitiber|ie<3 
Seop  aJiJO,  Two  range  no  ftirther  sontli  than  Britain,  as  fer  a»  yet 
known.  Some  of  theae  occur  bo  far  back  as  the  Miocene^  othere 
not  further  than  tho  Pliocene,  while  eis  of  them,  all  mmate 
hving  fepei■ic^s,  are  not  known  (except  in  this  deposit)  ai  foisilfl 
at  all,  or  only  a.s  fesils  of  the  lateBt  beds.  Kitcnfa  pros^^^m  ^  ^ 
living  Nnrlh-Arnericaii  FheU^  oet  urnng  in  the  C^oraUine  Cr^g  as  iK. 
irigomtla,  but  it  may  he  the  same  as  a  living  Norwegian  species, 
N,  tumidula. 

The  character  of  the  Mollusca,  as  a  whole,  is  essentially  soatherDy 
no  peculiarly  arctic  shell  having  as  yet  occurred. 

Both  in  the  positive  and  negative  aspects  of  this  group  of  Mollusca 
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(for  none  of  the  many  peculiarly  tropical  genera  that  occur  in  the 
Miocene  are  present  in  it)  we  seem  to  have  evidence  of  a  Pliocene 
age  for  the  bed,  and^  I  think,  on  the  whole,  a  preponderance  in 
fiivoor  of  Newer,  rather  than  Older  Pliocene.  The  relation  of  the 
faima  is  more  in  the  direction  of  the  Italian  Pliocene  than  in  that 
<if  the  Pliocene  of  North-western  Europe. 

At  the  outset  of  my  investigations  I  thought  it  likely  that  the 
bed  would  prove  to  belong  to  that  very  late  part  of  the  Newer  Plio- 
cene period  called  now  Quaternary,  when  the  small  submergence 
took  place  which  I  have,  in  my  memoir  on  that  period  in  England  *, 
traced  as  having  preceded  the  minor  Glaciation,  and  to  which  I  have 
referred  the  Cyrena-formation,  and  with  which  the  rich  bed  of 
marine  MoUusca  at  Belsey  in  Sussex  is  connected.  This  Selsey  bed 
contains  some  species  of  MoUusca  which  now  live  only  to  the  south 
of  the  British  shores,  though,  like  its  species  in  the  marine  beds  coeval 
with  it,  ft'om  Essex  northwards  over  the  east  side  of  England,  which 
present  no  such  southern  indications,  these  are  all  living  species ; 
and  I  thought  that  as  the  difference  in  this  respect  between  these 
beds,  thus  coeval  with  the  Selsey  one,  is  evidently  due  to  the  presence, 
during  their  accumulation,  of  an  isthmus  connecting  the  South- eiist 
of  England  with  the  continent,  which  prevented  the  water  which 
had  access  to  Sussex  from  the  Atlantic  having  any  access  to  the 
Nortii  Sea,  except  round  the  North  of  Scotland,  the  more  westerly 
position  of  the  Land's  End  might  be  the  reason  for  the  still  more 
southern  aspect  of  the  St.  Erth  MoUusca ;  but  the  species  I  after- 
wards got  together  comprised  so  many  not  known  from  Selsey,  and, 
withaly  some  known  only  in  the  fossil  state,  that  this  view  became 
untenable.  We  must  therefore  seek  a  more  ancient  period  to  which  to 
refer  it ;  and  as  between  the  Selsey  bed  and  the  Red  Crag  we  have  only 
beds  belonging  to  successive  stages  of  the  submergence  that  accom- 
panied the  great  glaciation  of  England,  in  aU  of  which  the  Arctic 
aspect  is  apparent  more  or  less  in  the  molluscan  remains  they  yield, 
though,  much  the  most  marked  in  the  earlier  of  those  beds,  such  as 
Bridlington,  there  is  nothing,  untU  we  go  back  to  the  Eed  Crag,  with 
which  we  can  connect  it  in  point  of  age ;  and  then  the  evidence  of 
connexion  is  more  inferential  than  direct,  because  the  geographical 
connexion  of  the  St.  Erth  bed  is  clearly  more  in  the  direction  of  the 
Pliocene  of  Southern  Europe  than  of  the  PUocene  of  the  area  washed 
by  the  North  Sea.  One  only  of  the  six  St.  Erth  Nassce,  viz.  iV. 
granulata  (or  granifera\  is  known  from  the  North-Sea  Crag,  while 
three  of  them  seem  to  me  identical  with  Italian  Pliocene  forms, 
and  the  other  two  belong  to  a  group  (the  mutahilis  group)  that  is 
peculiar  to  the  south  of  Europe,  both  fossU  and  recent. 

Our  knowledge  of  the  Normandy-Crag  MoUusca  is  very  Hmited. 
Of  the  specimens  from  the  older  part  of  it,  the  ''  Conglomerat  k 
Terdbratules  "  (which  in  its  physical  character,  and  in  the  species  of 
Bryozoa  it  yields,  seems  to  have  the  closest  affinity  with  the  CoraUine 
€rag),  scarce  anything  but  a  few  casts  of  indeterminate  species  are 
given  by  Messrs  YieiUard  and  DoUfus,  in  their  '^  Etude  Geologique 
*  Quart  Jonm.  G60I.  See.  vol.  xrrnii.  p.  732. 
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sur  lea  Terrains  Cretacc's  et  Tertiaires  du  Cotentin;''  and  among  these 
there  is  nothing  but  Ostrea  edulis  and  trndetermined  single  species 
of  Turrittlla,  Cerithium^  and  Nucula^  that  even  generically  occur  in 
the  St.  Erth  deposit.  There  is  a  more  copious  list  given  in  the 
Geological  Magazine  for  May  1872,  by  Mr.  Alfred  Bell,  from  an  ex- 
amination of  the  collection  made  by  Sir  Charles  Lyell  from  the 
Cotentin  Crag,  supplemented  by  some  additions  from  the  authority 
of  M.  Hebert ;  but  there  is  nothing  in  that  paper  to  show  whether 
these  represent  this  older  *•  Conglomerat  k  Terebratules,"  or  the 
newer  "  Marnes  k  Nassa,'*  and  I  suspect  that  MoUusca  from  both  of 
those  beds  are  mixed  up  in  that  b'st.  From  these  **  Marnes  k  Nassa,'' 
MM.  VieiUard  and  DoUfus  give  a  more  copious  list :  but  there  is 
little  in  common  between  it  and  the  list  from  St.  Erth.  None  of  the 
St.  Erth  NasscB,  save  perhaps  IN,  granvlatay  nor  any  of  the  more 
remarkable  St.  Erth  shells,  are  among  the  species  mentioned. 
Only  Ringicula  huccineaf  Calyptrcea  chinensis,  Natica  milltpunctaia, 
Cerithium  rettculaium  (scaher),  Lucina  boreaiis,  Ostreu  edulxM,  and 
possibly  Natica  sordida  as  N\  proxima^  Nassa  granulata,  Txtrritella 
triplicata  as  Turritella  vermicularis,  and  Pectunculus  gli/cimena  as 
Pectuncuivs  (species),  out  of  the  many  St.  Erth  shells  can  be  recog- 
nized in  it ;  and  though  there  are  two  or  three  Mediterranean  species 
among  them  not  known  in  the  North -Sea  Pliocene,  yet  the  whole 
fauna  is  essentially  the  same  as  the  fauna  of  that  Pliocene,  and  but 
subordinately  connected  with  the  Pliocene  of  Southern  Prance  or  of 
Italy,  which,  so  far  as  thp  endence  serves  to  show,  is  just  the  reverse 
of  the  St.  Erth  fauna. 

We  must,  as  the  case  at  present  stands,  infer  either  that  Cornwall 
and  Normandy,  near  as  they  are  to  each  other,  were  at  the  time  of 
the  St.  Erth  deposit  separated  by  a  land  barrier ;  or  else  that  even 
the  '*  Marnes  a  Nassa  *'  are  older,  and  that  the  deposit  of  the 
Normandy  Crag  had  ceased  before  the  St.  Erth  deposit  began.  My 
present  impression  is  that  the  latter  was  the  case,  for  the  fauna  of 
the  **  Marnes  k  Nassa  **  seems  to  me  to  indicate  an  age  intermediate 
between  the  Coralline  and  Red  Crags,  rather  than  (as  it  has  been 
supposed)  a  Red  Crag  age. 

Of  whatever  age  the  St.  Erth  bed  may  precisely  be,  however,  it 
seems  pretty  clear  that  at  the  time  of  its  deposition  there  was  no  com- 
munication from  the  South  Atlantic  and  Mediterranean  to  the  North 
Sea,  except  round  the  North  of  Scotland ;  so  that  such  of  the  southern 
species  as  had  not  been  denizens  of  the  North  Sea  during  the  Older 
Pliocene,  and  so  lingered  on  there  into  the  Newer  Pliocene  of  the  Bed 
Crag,  were  prevented  by  the  differences  of  nine  d^rees  of  latitude 
between  Cornwall  and  the  North  of  Scotland,  and  the  consequent 
refrigeration  northwards  of  the  marine  climate,  from  getting  round 
into  the  North  Sea. 

A  change  of  conditions  evidently  tx)ok  place  during  the  formation 
of  the  deposit,  by  which  the  blue  fossiliferous  day  was  succeeded 
gradually  by  a  more  tenacious  yellow  clay,  which  seems  to  be  destitute 
of  molluscan  remains,  save  some  unrecognizable  fragments  of  a  bivalve; 
and  it  is  possible  that  this,  and  the  disappearance  of  the  Molluscs 
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(which  were  evidently  denizens  of  a  warmer  sea  than  that  which  now 
washes  the  shore  of  CornwaU),  may  have  been  due  to  the  changes 
oooseqaent  on  the  incoming  of  the  major  glaciation. 

The  fossiliferons  day  is  of  a  nature  difficult  to  work  for  extraction 
of  shells,  and  the  occurrence  of  specimens,  even  to  the  smallest  and 
most  unrecognizable  fragments,  is,  except  in  the  case  of  one  or  two 
species,  unfirequent ;  but  by  the  cooperation  of  Mr.  Cornish  and  the 
Vicar  of  St.  Erth,  I  am  having  consignments  of  it  forwarded  me, 
by  which  I  hope  to  extract  a  more  extensive  collection  of  the 
MoUusca  of  this  deposit,  by  which  the  inferences  as  to  its  age  and 
relation  to  other  deposits  may  possibly  be  modified.  Eventually  I 
hope  to  be  able  to  ^ure  and  describe  these  Mollusoa. 

Mr.  Robert  Bell  has  aided  me  most  materially  in  searching  the 
collections,  recent  and  fossil,  in  the  British  Museum  for  anything 
that  would  throw  the  light  of  identity  on  the  more  obscure,  and  on 
the  appco^ntly  new  forms  that  the  deposit  has  yielded  (which  my 
invaUd  condition  precluded  me  from  doing  myself),  as  well  as  by  his 
own  Becent  and  Pliocene  collections,  and  knowledge  of  Recent  and 
Pliocene  MoUusca.  The  publication  in  1882  of  the  third  part  of 
Prof.  Bellardi's  MoUusca  of  the  Tertiaries  of  Piedmont  and  Liguria 
containing  the  very  numerous  fossU  forms  of  the  genus  Nassa  *  that 
occur  in  Uiese  Tertiaries  has  been  very  opportune.  Dr.  J.  Gwyn 
Je£frep  has  also  had  most  of  the  sheUs  before  him  for  examination, 
from  me ;  and  for  his  aid  in  the  determination  of  some  of  the  very 
minute  species,  I  have  to  express  my  thanks. 

Angular  stones  occur  occasionally  in  the  clay  along  with  the 
rfielU,  but  I  have  not  met  with  one  more  than  '6  inches  long  or  more 
than  between  2  and  3  cubic  inches  in  solid  dimensions,  and  they 
are  mostly  very  much  smaUer  than  this.  With  the  exception  of  some 
which  do  not  exceed  the  size  of  a  swan-shot,  I  have  only  met  vrith 
one  rounded  pebble,  about  the  size  of  a  filbert.  The  average  quantity 
of  the  angular  fragments,  so  far  as  1  have  encountered  them,  is  about 
1  lb.  to  1  cwt.  of  the  clay.  They  seem  to  indicate  that,  notwith- 
standing the  southern  character  of  the  MoUusca,  ice  must  have 
drifted  over  the  strait  during  winter,  but  I  have  not  detected  any 
facial  strise  in  the  fragments. 

*  In  connexion  with  the  age  of  the  St.  Erth  bed,  as  affected  by  the  propor- 
ticm  of  forms  in  it  not  known  lif  ing,  it  is  proper  to  point  out  that  the  propor- 
tion of  Nassa  not  known  living  is  quite  a  faUaoious  guide ;  for  while  of  Mio- 
cene and  PHooene  MoUusca,  other  than  this  genus,  more  than  half  the  Miocene 
ind  three  foortha  of  the  PUocene  are  known  living,  Prof.  Bellardi,in  this  work, 
figures,  or  describes,  forms  of  Nassa  (of  which  more  than  two  thirds  are  ranked 
as  speciea),  to  the  number  of  145  from  the  Middle,  130  from  the  Upper  Miocene, 
61  fifom  the  Ix>wor,  and  (V4  from  the  Upper  Pliocene  of  Italy.  Of  these  he  regards 
oone  of  the  Lower,  and  but  one  of  the  Upper  Miocene,  4  of  the  Lower,  and  5  of 
tl»  Upper  Pliocene  as  living  species, — the  living  species,  5  in  all,  being  N^ 
wUabUis,  Linn6,  in  3  vars. ;  N.  gihbosida,  Linn^,  3  vars. ;  N.  reticulata,  Linne, 
in  2  vars^ ;  N.  tncrassata^  Miiller,  in  4  vars. ;  and  N.  semistnata,  Brocc.,  in  4 
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DiacrsaioK-. 

Tir,  fi\Ty>-  Ji'TntFiYs  exprcs?icd  lu?i  rti^^^rel  tlmt  the  author  of  this 
inrijortaiu  lunniiiiinciitkiTi  wh.h  ]H'ovonlod  by  illness  from  being  pre- 
R^iit  at  thr^  iiH'f'ling,  ;j.!k1  m\d  Ihnt  tbt*  pdiicr  exhibited  indication  of 
the  gnut  eianL,^)  poji^'^es^nl  by  !lu'  autUur  uotwithst-KTiding  his  ba^ 
Mtute  of  hejillh.  (ireat  crt'^lit  was  alr^o  doe  to  Mr.  Kobt^rt  Bell  for 
liii^  share  of  tho  work.  After  tareful  examination  Dr.  Jeffrejs  k- 
cognised  5o  npeiies  aiuoag  tbo  ftjs,sils  obtained  froTO  the  deposit  at 
Ht,  Ertb  I  but  from  the  number  iriven  by  Mr,  Wood  be  deducted 
il  for  duplicjit-oj^,  and  one  wliicb  be  tboujjht  wm  not  a  moUofiL 
There  were  tlnii^  44  or  45  flpeeieH,  out  of  whieb  11  or  1:^  are  reoent 
and  t.V4  or  Hi  extinct.  t)f  tlie  latter  11  only  are  known  to  him  from 
Tertiary  deposit 5^.  4  being  of  Mioeenc  a«^e,  and  all  of  them  Pliooeae. 
2-  spLreiL':^  were  unknown  to  bini  either  as  Tertiary  or  recent*  For 
the  aceitriite  detenniniition  o\  t]w  species,  the  cnlleetion,  when  mort 
ooin]jh^tL%  %vould  have  to  be  critiejilly  eoni pared  with  recent  fonns, 
iiii<}  Mie  ueee.s,Hary  sillowanee  made  for  that  slight  divergence  whidi 
wa>  flhvayji  obsi-ivablo  in  tlio  slielL'^  of  Bpecies  whose  c^staoe^ 
extiuded  over  a  long  ponod  ot  time*  Dr.  Jeffreys  thought  that  tjif 
author  had  not  (juite  Hufheient  knowledge  of  reccDt  MoUu^ica  for  his 
dettrniiiiatioua  to  be  tboroTighU-  jiccurate.  The  list  of  sheila  neeiis 
n  cLireful  re-e<iuiparison  with  the  sj>eeie3  contained  in  the  Tertittiy 
eulleetionH  of  Europe. 

He  further  rernnrkeil  that  no  dcpuBitiSof  Glacial  age  have  hitherto 
been  found  in  the  south  of  EngliLud,  He  was  not  clear  wh©th^  the 
St.  Erth  dir-jiosit  wa5  of  Ukler  Plioecue  or  possibly  of  Upper  Miooeue 
age.  ^ftsRa  .^irmhr^  Uroechi,  tvae?  one  of  the  few  specie!?  in  the  hst 
identical  with  Crag  formw.  namely  HtK^umm  rttiamnn  of  Sowerhj> 
The  deposit  did  not  seem  to  him  to  be  eonneet^d  with  any  Crag  bed, 
A  bed  near  Antibcs,  in  the  J^outh  of  France,  seemed  to  him  to  resemMt^ 
the  St.  Erth  tle]>osit  in  many  of  its  charaeters,  and  the  MoUusca  of 
these  two  depoi^ils  eliould  be  critically  compared, 

Trof,  pRE.sTwicK  said  that  this  discovery  of  Mr.  dearies  Woodwai 
the  njost  interesting  that  had  been  made  upon  ih^  southem  coast  d 
England  fi>r  muny  years.  It  was  the  first  clear  evidence  from  fo^il* 
of  a  dtpres^^ion  in  Cornwall  since  Pal&ozoic  timcsa^  as  the  beds  near 
St.  Aufttcll  COT  I  tain  no  organic  remains.  The  high-  and  low-lpvel 
beaches  of  Jersey  and  tJnemsey  are  also  nnfiiaailiferoua.  He  felt  the 
aame  difficulty  as  Jlr.  Woofl  in  correlating  the  beds  in  Brittany. 
The  beds  at  Eosq  d'Auhigny,  in  Normandy,  present  many  pointl  of 
analogy  with  those  of  Rt,  Erth.  There  ia  the  aame  preponderajjce 
of  Subapennine  and  Mediterranean  Bpeeiea»  with  many  Crag  foegiUr 
but  the  species  are  difTerent. 

Sir.  ErnrtmiDfrK  thought  that  the  author  had  been  rather  hiimed 
in  drawing  bis  con  elusion  9,  and  that  more  stratigraphical  and  geo- 
graphical evidence  as  to  the  distribution  of  the  bed,  and  a  carefiil 
survey  of  the  neighbouring  coast  were  requisite.  He  said  that 
Mr.  Solly  had  tried  to  make  out  the  succession  of  the  days,  and 
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Mr.  Bell  had  done  much  with  the  fossils,  but  no  doubt  many  more 
fofifiils  were  yet  to  be  found,  and  the  Foraminifera,  which  are  nume- 
rous, had  not  been  determined.  For  his  own  part,  he  had  much 
faith  in  Foraminifera,  when  properly  determined,  as  a  means  of 
settling  the  age  of  such  deposits. 

Prof.  T.  M*K.  Hughes  inquired  whether  the  fossils  had  been 
carefully  collected  from  both  the  yellow  and  the  blue  clay,  and 
where  exactly  the  change  in  the  fauna,  which  had  been  mentioned, 
occurred.  The  yellow  clay,  he  thought,  must  be  only  the  oxidized 
condition  of  the  blue  clay.  He  asked  further  what  were  the  rela- 
tions of  the  blue  clay  to  the  underlying  sand,  and  of  the  sand  to  the 
beds  below  it. 

Mr.  SoiXT  said  that  the  section  shown  in  the  diagram  was  merely 
diagrammatic ;  it  was  not  that  of  any  one  pit,  but  made  up  from 
sereral  pits.  The  junction  of  the  sand  with  the  blue  day  is  not 
seen.    He  explained  the  relations  of  the  different  beds  as  seen. 

Mr.  BoBSBT  Bell  explained  that  the  blue  day  varied  in  character, 
the  lower  part  being  imfossiliferous,  while  the  upper  part  contains 
all  the  fossils.  He  objected  to  the  deposit  being  called  Miocene, 
and,  fix>m  the  evidence  of  some  of  the  shells,  regaorded  it  as  nearly 
of  Crag  age.  The  sand  shown  in  the  diagram  was  said  to  surround 
the  day. 


Digitized  by  LjOOQ IC 


I'iluF.  A.   II,  GIlEEy  ON  A  SECrTlON  :SEAK  LLAXBEBIS, 


lU.  XoTK  fill  ti  Suction  nmr  Llanhebis, 
IJy  rrutVssor  A.  II.  Gbekn,  M.A„  P.G.S.    {Head  Decembers,  1884.) 

TiiiHEgi.'ol(k^at3  wlio  hold  thiit  the  quartx-felsites  between  Uanbem 
uiiil  Cuoruurvou  aru  of  Prc-Oiimbrinu  agi?,  rast  tbetr  belief  mfliBly 
DD  tbo  fm:t  [hilt  tlii'  coiiglamtTale  wbif^h  tbey  tiike  to  be  the  base  of 
tbt'CiimbriaiirodiH  in  thrit  ditstrict  eontaius  n  umcrou  a  pebbles  of  tliii 
telaite.  It  would  lu^  vorj^  dt-sirablo  to  have  tbia  iufereneeconfinoi'd 
by  ihrt^tt  eTideiice  (d  fitrati^rJiiihieal  imconforraitv  botwDen  the  two 
Tovks  :  but  T  do  ri(»t  know  ihut  any  one  has  been  able  to  ftoiot  to 
aSL'clioB  \vburL^  that  (■ongrlomeratp  in  seen  actually  resting  on  the  M- 
Hitc,  and  wbeiv  tbt^re  13  an  nuf^ontbrmity  at  tht  juuction*  The  mcr 
tiojj  w  luch  1  whh  ttj  doPcribt%  and  wlueb  seoma  to  have  eiea|^  the 
notice  i»f  tlic  gi.'ologT.st'^  who  bave  from  time  to  time  during  tbe  IsAt 
few  years  recxjimiued  the  district,  docs  show  the  ooaglomerate  rest- 
ing witti  tbr  mosl  marked  uncoiitbmiity  on  a  lower  group  of  rocJts; 
atid  it  is  fru"  tbis  reason  tbat  I  call  atti-ntion  to  H,  T  saw  the  section 
iirnt  in  the  .summer  of  ISSU,  and  vitiitcd  it  again  duriugtbe  sutniQer 
of  tile  prt.aent  year, 

Tlip  seel  ion  h  found  in  one  of  tbe  cnttiii^  of  tbe  railway  wbldi 
runs  from  the  Thnorwi*:  quarries  along  the  north-ea^lem  shore  of 
Ll>  II  Padarii ;  to  show  its  piysitkui  witli  respect  to  the  adjoining 
rocks,  T  havL"  plotted,  in  fi^^  1,  the  section  along  the  railway  ftiam 
gomt-  distant e  on  eitber  hide  of  it.  We  start  at  the  south-oastom 
end  in  Wn-  iMjttom  beds  «jf  tbe  slaty  wries  which  here  forme  the  middle 
meudar  of  th<'  Harb  eh  and  Llanheria  *  group,  and  which  is  worked 
in  the  IHnorwjf:  quames  :  beneath  tbis  come  alt-ernatiotii  of  alat^ 
and  grit N-,  between  Sity  und  tKKi  feet  thick,  dipping  it^adily  in  a 
soutli -easterly  direction  at  about  i\(}^.  lleyond  these,  a  bed  of 
massive  grit  corner  ni> ;  it  j^hows  no  lines  of  bedding,  but  tbe  over- 
lyin;^^  grits  are  well  bi-dded  liud  llatten  and  bend  over  it  to  the 
nor  th- west.  Theu  folloWB  eonglonierate  and  breccia,  with  the  mwd 
aharaeter  of  the  basement  eoiif^lonierate  of  the  Harlech  and  UaB- 
beris  bedy.  The  junction  ot  the  niaHsive  grit  with  the  eonglomerat© 
is  neaiiy  vcrtiiid,  and  h  very  likely  a  fault, 

A  little  further  on,  the  beds  roll  o\ er  and  the  conglomemte  10  OTCf- 
lain  by  ^rits  dipping  to  the  north- w  est  r  We  then  come  to  the  part  of 
the  8t,etioa  lying  between  tbe  iioinlB  P  and  Q,  to  which  I  wish  to  call 
fipfccia]  attention  (enlurged  in  li^.  2,  p.  76).  Thy  first  rock  wi^  eu- 
counter,  marked  A,  la  tj^sjle  and  slaty ;  it  consTstfi  of  a  number  of  this 
layers,  nearly  vertical  and  all  lying  parallel  to  one  another,  varying  in 
colour  and  composition,  wome  greenish  and  sandy,  others  smoother, 
very  flaky ,  an d  somewb at  soapy .  The  ^uesti on  arises,  Are  the^e  laj^crs 
beds  or  cleavage-laminae  ?  The  marked  difference  between  them  in 
colour  and  composition  is  strongly  in  favour  of  their  being  beds.  Next 
comes  a  band  marked  B.     The  matrix  of  this  rock  is  grey,  or  greenish 

*  To  avoid  the  ambiguity  which  attaches  to  the  word  '•  Cambrian,"  I  u» 
this  name  for  the  beds  called  Cambrian  by  the  Geological  SnrTej. 


Digitized  by  VjOOQ IC 


.PBOP.  A.  H.  GREEN  OH  A  BBCTION  NBAS  LLANBBBI8. 


75 


grey,  with  very  smooth  fracture 
not  unlike  that  of  the  felsite,  but 
the  rock    is  soft  enough    to   be 
scratched  by  the  knife  and  slightly 
soapy  to  the  touch;   it  contains 
many  blebs  of  quartz  and  fragments 
of  other  minerals  and  rooks,  all  very 
much  altered  ;  it  is  very  decidedly, 
but  rudely,  deaved,  and  the  clea- 
vage-planes bend  in  a  wavy  way 
round  the  fragments.  The  surfaces 
bounding  this  band  of  rock  are 
parallel  to  the  laminae  of  the  rock 
A.    The  rock  C,  that  comes  next, 
is  a  breccia  with  a  dark  grey  ma^ 
triz;  the  fragments  are  all  flat- 
tened and  lie  with  their  flat  faces  in 
tiie  same  direction  ;  there  is  a  rude 
wavy  cleavage  with  a  tendency  to 
bend  round  the  fragments.      We 
have    here  then    three    bands  of 
rock,  all  differing  in   lithological 
character  and  separated  from  one 
another  by   parallel   and    nearly 
▼ertical  planes ;  one  of  these  bands 
(A)    is    made    up    of   numerous 
laminsB,    each   differing  from  its 
neighboTir  in  composition,  and  these 
laminsB   are    all    parallel   to   one 
another  and  to  the  planes  which 
separate  A  from  B,  and  B  from  C. 
These  facts,  it  seems  to  me,  admit 
of  only  one  interpretation.     The 
rocks  are  bedded  and  in  a  nearly 
vertical  position ;    there  is   clea- 
vage as  well,  and  the  cleavage  and 
bedding  coincide ;  but  while  the 
fiakiness  of  the  rocks  B  and  C  is 
due   to   rude  cleavage,  the  plane 
separating   these  rocks  from   one 
another,  the   plane   separating  B 
from  A,  and  the  planes  of  lamina- 
tion in  A  must,  I  think,  be  planes 
of  bedding. 

These  flaky  rocks  occupy  the 
whole  face  of  the  cutting  for  a  space 
of  about  twenty  yards,  but  towards 
the  north-west  end  a  capping  of 
conglomerate  comes  on  above  them. 
The  junction  slopes  down  to  the 
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north-west,  and  the  conglomerate  creeps  over  the  flaky  rocks 
with  a  rapidly  iti creasing  tMckneas  till  it  comes  down  to  the  level  of 
the  railway*  This  conglomerate  has  the  same  character  as  that  seeo 
on  the  other  side  of  the  flakj-  roL-ks  ;  it  contains  a  few  ^m  slaty 
bands  which  give  the  dip  and  show  that  the  beds  are  mnDing  down 
at  moderate  atiglea  to  the  north-west.  1  conld  not  eee  the  actu^ 
juDction  of  the  flaky  rocks  with  the  grits  to  tho  south-east  of  tbein* 
but  I  traced  the  two  to  within  a  few  feet  of  one  auother,  and  it 
Bcemod  likely  that  they  were  separated  by  a  faxilt. 


Fig,  2.—^ilarg€d  Section  Ittiwetfi  the  ^mnU  P  firid  Q  infij,  1. 
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A.  Fissile  flakjf  rock, 
O.  Qrrey  breccia. 


11.  Greaniali-grey  fragniental  rock- 


There  seems  to  mo  no  room  for  doubt  tbat  in  this  seetion  we  see 
the  top  of  a  projecting  boss  of  a  group  of  rocks  underlying  the 
Harlech  and  Llanberis  bods,  and  that  the  conglomerate  rest«  on  these 
rocks  with  the  strongest  possible  unconformity, 

Fui'ther  proof  of  the  unconformity  is  found  when  wo  examine  the 
hill  side  on  tho  north-ea&t  of  the  railway.    For  some  way  up  (fig.  3) 

Fig.  3. — Sedion  at  rifjht  antfles  to  iht  Railwaif^  between  the  jmnk 
'  P  and  Q, 


we  find  the  fifisile  rocks  peeping  out  every  here  and  there  in  giilliet 
and  other  depressions,  with  the  conglomerate  lying  ni>on  their  edg«. 
I  am  afraid  it  may  be  thought  that  I  have  been  unnecessarily 
prolix  in  my  account  of  this  small  section^  and  I  c^rtiunly  should 
not  have  thought  that  there  was  any  ncx*d  to  give,  at  such  lengtlu  the 
evidence  for  what  seems  to  mysolf  a  very  simple  matter,  if  it  had 
not  been  for  the  following  circumstance.  I  believe  that  the  section 
just  described  is  the  one  figured  by  8ir  A,  Ri*msay  in  the  Survey 
Memoir  on  North  Wales  (pp,  178,  170,  figs,  62  and  <i3),  and  ho 
there  gives  a  reading  of  it  ver\'  different  from  my  own.     He  calls 
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attention  to  the  strong  cleavage  and  the  flattening  of  the  fragments 
in  the  rocks  B  and  C,  and  he  shows  these  rocks  as  vertical  on  the 
south-east,  so  far  agreeing  with  myself ;  bnt  on  the  north-west  he 
makes  the  beds  flatten,  and  draws  across  the  flaky  rocks  lines  of 
bedding  sloping  at  a  moderate  apgle  to  the  north-west,  running  in 
fact  iMurallel  to  the  junction  of  the  conglomerate  and  the  flaky  rooks. 
In  short  he  makes  no  distinction  between  the  flaky  breccias  and  the 
conglomerate,  but  Jooks  upon  the  former  as  a  part*  of  the  latter 
somewhat  altered  in  character  by  intense  cleavage.  It  is  with  no 
small  amount  of  dif&dence  and  regret  that  I  feel  bound  to  differ 
from  my  old  honoured  master ;  but  I  feel  sure  that  the  bedding  of 
the  flaky  breccias  is  nearly  vertical  from  one  end  of  the  exposure  to 
the  other.  Further,  these  breccias  prove  on  examination  to  differ 
totally  from  the  conglomerate,  and,  indeed,  from  any  part  of  the 
Harlech  and  Llanberis  group,  in  their  character  and  origin.  I 
cannot  therefore  accept  Ids  interpretation. 

To  this  point,  the  nature  and  origin  of  the  flaky  breccias,  we 
next  come.  Under  the  microscope,  with  a  power  of  40  diameters, 
the  matrix  of  G  is  seen  to  be  flne  dust  full  of  minute  plates  and 
films  of  a  micaceous  mineral  that,  under  crossed  nicok,  is  golden 
yellow  shot  with  green  and  red.  Among  the  fragments  are  a  few 
blebs  of  quartz,  bits  of  kaolinized  felspar,  a  fragment  very  like  a  bit 
of  quartz-felsite,  and  several  pieces  of  dark  vesicular  scorisB ;  bat  the 
larger  part  of  the  fragments  are  not  exactly  determinable  on  account 
of  the  alteration  they  have  undergone ;  they  remind  one  of  basic 
crystalline  rocks  that  have  been  very  thoroughly  serpentinized  and 
Tuiditized,  and  in  part  converted  into  calcite. 

The  matrix  of  B  is  generally  similar  to  that  of  0,  but  finer  and 
more  uniform  in  grain ;  it  lies  in  long  wavy  bands  which  bend 
round  the  fragments  and  simulate  very  closely  true  fluxion-structure; 
the  fragment's  are  most  of  them  similar  to  those  of  0,  but  not  so 
numerous,  and  quartz  is  more  abundant ;  there  are  a  few  plates  of 
mica  and  some  bits  that  remind  one  of  fragments  of  crystalline 
sctust. 

In  general  character  both  these  rocks  are  very  like  rather  coarse 
volcanic  tuffs,  and  the  presence  of  vesicular  scoriae  in  C  is  in  favour 
of  the  view  that  this  is  their  character.  Professor  A.  Geikie  tells 
me  that  they  are  very  like  some  of  the  tuffii  of  8t.  Davids  which  are 
classed  by  Br.  Hicks  as  Pebidian. 

It  may  be  desirable,  though  perhaps  hardly  necessary,  to  point 
out  that  the  unconformity  of  this  section,  strong  as  it  is,  does  not 
necessarily  indicate  any  great  difference  in  age  between  the  con- 
glomerate and  the  breccia  on  which  it  lies.  These  breccias  are  of 
Tolcanic  origin,  and  the  irr^^ar  and  restricted  upheavals  and  dis- 
turbances, which  are  always  liable  to  occur  where  volcanic  activity 
is  going  on,  are  quite  competent  to  bring  about   unconformities 

*  "  Part  of  the  conglomerate  oonsisto  of  slaty  pebbles  in  a  slaty  matrix,  the 
whole  being  affected  by  slaty  cleavage,  remarkable  on  account  of  the  pebbles 
being  elongated  in  the  direction  of  the  cleayage-Unes."    {Geol,  of  N.  Wales, 

^lrt.) 
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quite  03  marked  as  those  of  the  present  section,  which  are  purolv 
local  and  would  bo  found  to  disappear  if  we  wore  able  to  trace  the 
junction  of  the  two  groups  of  Tocka  over  a  large  area.        ^ 

The  remainder  of  the  section  along  the  railway  explains  iteeH; 
but  I  may  mention  that  the  nature  of  the  junction  between  the 
conglomerate  and  quartz-fcbite  at  the  iiorth-westem  end  is  donbi- 
ful '  it  may  be  a  fault,  but  there  is  nothing  whatever  to  abow 
whether  it  ib  or  not.     The  matrix  of  tho  confjlomerate  m  Teir 
instructive;  it  ia  mashed  up  and  reaggrogated  felsite,  and  it  has 
been  so  little  altered  by  the  broaking-up,  and  has  been  so  firmly 
bound  together  again,  that  it  bears  a  very  close,  though  of  couitie 
superficial,  resembhmce  to  the  fel^ite  itself,     Tbi^  r^^emblanw  does 
not  altogether  disappear  even  under  the  microscope.     The  pressure 
which  the  conglomerate  baa  undergone  ha»  squeezed  the  fine  portion 
of  the  matrix  into  wavy  flowing  bands  which  bend  round  the  blebs 
of  (inartJ.,  so  that  a  stmcture  has  been  set  up  in  tbia  clastic  rock 
which  simulates  most  elosely  the  fluxion-strueture  of  the  fcbite 
itJ^elf     The  fpuirtz  crystals  and  blebs,  too,  of  the  conglomerate  have 
often  been  so  Uttle  damagwl  during  the  disintegration  of  the  fekite 
thftt  they  still  retrain  exactly  the  same  apptniranee  as  m  this  latter 
rock      Indeed  if  we  cut  a  slice  from  the  conglomerate  so  as  to  steer 
clear  of  pebbles,  it  would  very  freipiently  be  im distinguishable  under 
low  powers  from  a  slice  cut  from  the  felsite ;  it  is  not  till  they  aw 
magnified  some  liOO  diameters  that  the  diflerence  between  the  two 
oomes  out. 

DiactJBsiOH. 

Prof.  T.  M'K.  HuiiHEs  gave  an  explanation  of  the  section,  and 
indicated  some  details  -^bowing  what  he  regarded  as  the  liehaviour 
of  the  beds.  If  cider  beds  come  up  at  the  point  indicntad,  they 
would  probably  bo  Febidian.  He  stated  thnt  the  section  was  very 
eomplicated,  and  the  particular  portion  described  by  the  author  dots 
not,  i>crhap8,  carry  with  it  the  same  convietion  that  other  seeUons 
do, '  ITie  conglomerates  are  made  u]i  of  the  underlying  rock  to  such 
an  extent  that  it  is  sometimes  diffieult  to  distinguish  the  one  from 
the  other,  where  both  are  srtueezed,  faulted,  and  contort^L  The 
N,E.  and  fc^.W.  section,  as  shown,  did  not  exidaiu  itself  exeeiJt  with 
the  intervention  of  faults.  The  principal  section  appeared  to  be 
correct  in  the  main  ;  but  perhaps  some  modification  might  be  neoe»- 

sai^v  in  details.  t^    ,.  tt     t.    • 

I)r,  HrcKs  said  that  he  ha^l  ver}'  litae  to  add  to  Prof.  Hughes  s 
remarks.  He  oho  would  not  have  selected  this  section  as  the  bc«i 
example  of  the  unconformity  between  the  Cambrian  and  Pio- 
Cambrian  in  this  areii.  The  section,  however,  was  on  importiuit 
one,  a^  it  showed  that  the  Pre-Cambrian  rocks  extend  further 
lowardi^  Snow  don  than  had  previously  betn  ascertained.  At  Uie 
N  W  end  of  the  section  there  were  clear  indications  of  unconformity, 
bilt  masked  partiaMy  by  faults.  From  the  present  evidence  it  ia 
clear  that  an  uneonformit)*  does  exist.     Tlie  important  point  I0  be 
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remembered  is  that  the  cleavage  in  Pre-Cambrian  beds  is  of  earHer 
date  than  that  occurring  in  the  Harlech  and  Llanberis  series,  as  may 
be  shown  by  an  examination  of  the  fragments  of  the  former  in  the 
latter.  These  fragments,  as  he  had  often  stated,  showed  the 
original  cleavage  as  well  as  the  effects  of  subsequent  crushing. 

Mr.  RuTLEY  remarked  that  he  believed  rocks  of  the  class  described 
were  not  uncommon,  as,  for  example,  on  the  flanks  of  Snowdon 
between  liyn  liydaw  and  Uyn  Teym,  having  cleavage  coincident 
with  the  bedding.  He  thought  the  quartz-felsite  described  by  Prof. 
Booney  as  old  rhyolite  might  be  expected  to  reappear,  instead  of 
the  b^  beneath  the  breccia,  and  wished  for  definite  information 
oonoeming  the  character  and  position  of  the  lower  series  of  rocks 
between  the  quartz-felsite  and  the  fissile  breccias  exhibited. 

Prof.  Hughes  explained  that  the  newer  series  being  absolutely 
onoonfonnable  to  the  older,  the  different  beds  of  the  latter  appeared 
below  the  base  of  the  newer  series  successively,  and  the  Pebidian 
might  well  come  in  the  spot  indicated. 

The  Peesideht  stated  that  he  knew  the  section  described,  which 
he  had  visited  with  Profl  Hughes.  The  junction  of  the  conglo- 
merate and  felsite  was  very  obscure.  In  the  part  between  P  and  Q 
in  the  diagram  the  lower  part  of  the  conglomerate,  as  he  had  con- 
sidered it  to  be,  has  a  peculiar  appearance,  and  is  no  doubt  the  rock 
deaoribed  by  Prof.  Green  as  a  breccia.  At  all  events  the  section  is 
ftot  so  dear  in  nature  as  in  the  diagram.  The  section  at  Moel  Tryfaen 
is  similar.  On  the  south-west  of  Llyn  Padarn  one  meets  with  a 
pozsle  of  something  the  same  kind, — quartz-felsite,  then  conglo- 
merate, then  (apparently)  cleaved  felsite,  then  conglomerate  again ; 
and  it  is  not  dear  whether  the  conglomerate  rests  unconformably 
on  the  felsite,  or  whether  there  is  a  series  of  faults  complicated  by 
dykes.  Professor  Green's  reading  of  the  section  might  be  the 
correct  one,  but  he  felt  very  doubtftd. 
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F.H>.,  Srf%  ( r>.     ( Itead  November  1 7,  1SS4J 

FitNM  Hiij  '^pofimfn?*  of  W'i'^i  Tmlian  |)hr»>i|»hatc*5  and  coral  I  kflTetLe 
iJiiTtli';?'^  of  l>rni;^)n^  uud^r  p*'ir  notk'»:%  1  flegfir©  to  direct  pir 
uthnlirm  in  lliu  fiCt  th!i%  iind<  r  ci?rtiiin  eun^litiart:?,  it  is  possible  for 
tjoral->»h tui*  to  lie  ^iOUTorted  into  phoiiphate  of  lime-  I)ajUi»  in  lib 
Vi't^ik  un  Corfiis  and  CQr&\-iAii\iih,  ^K};ik\u^  aUrjut  the  formatioti  of 
irfiuIjuHr?!  [sliirid,,  says  :  *'  j^mrnr^  iatcri^sthig  p^t*udomorpW  occQl 
Lijiiod  in  tin*  ^mnr>  of  this  i inland.  Coml  fragments  of  variafli 
spetjt'H  wfrc  found  that  h?jfl  linj;:  ho>:ii  covcrud  up  under  the  deposit, 
anrl  in  Koirif  of  whii-h  thr  parlMviiir  ncid  liad  been  almci^t  entirelj 
rt^pl.Hi  d  by  f>hff<phorir  aciiL  In  ^nt-b  1  have  found  70  per  cent  of 
phosph.'itc  of  \hm\  Tti  maTiy  others  the  change  was  only  parlM, 
aiul  on  hreitkin^'^  some  of  these,  in  the  centre  whe,  tisiislly  found 
a  nurleiihi  or  cr»re  of  wral  jntill  r»;tniiiiri)>  it's  original  hardne^  and 
(<nni><j^i(ion,  whih'  the  extern  it]  jMrts  hiid  been  changed  from  car- 
l,rtnjiii^  In  phoHphrUe.  which,  thi>ngh  s^*h  and  friable,  st ill  preserved 
t h o  st. r n ('  (1  i  re  and  a] >pc a r a  1 1  ce  f >f  th e  corn  1  / ' 

My  Jittenlion  wa.^  tir^it  directe<l  to  thiB  fnct  in  the  ialaud  of  Bar- 
huflji,  where  L  tWunfl  a  smrdl  vein,  rich  in  ]ihi>sphateof  lime,  startiiig 
fnnn  iht*  Jtotlom  nfa  cave  in  the  ftice  of  a  coml  chfl'.  Th©  e^rtH  ifl 
\\[\-i.  cave  eonsistc?il  of  phosplialie  K'^iuno  fonned  from  excrement  of 
b^Lls,  and  winnliirin  i  onj|tositiini  tn  the  earth  that  w  generally  found 
in  tropical  eavtn,  Tjio  water  draining:  iToni  this  g^nano-eartli  lutift 
hnvc  contained  phospheric  uciil  in  i^olntion,  probably  ua  phosphate 
of  jn>tji>h,  soda,  rind  aminonir^,  and  i^uhKrrjiiently,  passing  through  ih& 
cr>raU  iNiUi^cd  tlie  rernarkfibli'  eliangc  in  the  eompotiition  of  the  ro^ 
with  vvliich  it  cainc  in  eontiut.  Tlio  .specimen  of  stone  taken 
frain  thiH  particular  vein,  shows  that^  whibt  one  ]X)rtion  reniain« 
white  Jijul  eon-^iHt*^  of  fiirhoinite  of  time,  the  other  portion  of 
the  ^^amr  stone  that  entered  intn  and  formed  part  of  the  vein  i* 
colijurud  yellow  from  organic  matter,  and  the  carbonic  acid  has  hem 
ahn<wt  entirely  rep!  a  ceil  by  pbosphorie  ncifL 

It  is,  lioweTcr,  to  the  <h.'}K)s!t  fonud  in  the  island  of  Anihft  thai 
I  dedre  to  drnw  yonr  spe^ifd  attention,  because  there  this  proc6ie 
of  ]tho9j»hati2in;4^  the  coral  Ijas  been  in  operation  oo  a  moat  exiensiw 
j^caic.  ITie  deposit  h  estimated  to  contain  not  lepe  than  50O,0i3O  ton*; 
Tt  occTiTfl  at  the  extreme  point  or  cape  of  a  peninsula  of  coral: 
the  headland  is  called  Sierra  Colorado  (or  red  hill),  and  mea  about 
*AiH\  feet  above  the  level  of  the  sea  nnd  about  200  fe<3t  above  t])« 
level  of  the  coral  that  connects  it  with  the  island  of  Arab«^  My 
n  pin  ion  is,  that  when  thin  hill  cxiHtod  as  a  small  island,  or  "c^y*" 
imd  the  ooral  reef  between  it  and  the  then  main  inland  of  Aruba 
was  f*nbmerg<fd,  it  was  the  resort  of  sea- fowl,  and  their  ajtcremmt, 
like  the  bat-guano,  containing  soluble  phosphates,  caused  the  change 
in  the  rock  upon  which  it  was  deposited.     There  is  no  trace  left  of 


( 


Digitized  by  LjOOQ IC 


6.  HVtfHBB  on  WSST-UfDIAir  PHOBtHATM.  81 

the  phosphatic  guano  upon  the  surface ;  but  the  solid  rock  is  now 
rich  phosphate.  From  these  specimens  of  the  phosphatized  coral 
it  will  be  seen  bow  complete  has  been  tbe  change,  and  at  the  same 
time  how  perfectly  the  coral  bas  retained  its  structure. 

These  specimens  of  phosphatized  coral  yield  from  78  to  80  per  cent, 
of  phosphate  of  lime,  and,  so  far  as  the  deposit  has  been  shipped  as 
yet,  the  cargoes  have  tested  over  76  per  cent,  of  phosphate. 

Analysis  of  a  Sample  of  Aruba  Phosphate. 

Moutore '62 

Water  of  oombination  and  traces 

of  organio  matter  2*91 

Pbo8phorio  add 35-70  (equal  to  tribasio  phosphate 

lime   46-37        of  lime 77*«3) 

Oxide  of  iron 1*80 

Alumina 2*95 

Carbonic  add 1*53  (equal  to  carbonate  of  lime...  3'54) 

Sulphuric  add   1'66 

Fluorme&o.  4'22 

Siliea  2-36 

100-00 

OthOT  deposits  of  phosphates  found  in  the  West  Indies  owe  theif 
origin  to  direct  marine  deposit  of  bone,  as,  for  instance,  that  of 
Curasao.  In  the  next  island  to  Oura^ao  (Bonaire)  I  have  seen  the 
coral  over  an  area  of  two  miles  to  contain  fossil  bones  and  teeth 
scattered  in  all  directions.  The  specimens  I  have  the  pleasure  of 
showing  you  from  that  island  give  a  very  good  idea  of  how  these 
bones  occur ;  and  had  they  been  deposited  in  one  spot,  as  in 
Curasao,  we  should  have  been  able  to  have  worked  a  good  deposit. 

DlSCITSSION. 

Mr.  R  B.  WooDWABD  asked  if  in  the  West  Indies  the  same  con- 
ditions were  found  as  in  some  of  the  islands  of  the  South  Pacific, 
namely,  the  carrying-down  of  phosphates  into  the  mass  of  the  coral- 
reef,  and  the  subsequent  removal  of  the  carbonate  of  lime  leading  to 
the  formation  of  casts  of  corals  in  the  phosphate  of  lime. 

Profl  T.  EiTPSRT  Jokes  asked  if  there  are  any  guano-islands  in  the 
West  Indies  now. 

Mr.  HuBLBSToir  asked  if  the  facts  observed  threw  any  light  on  the 
formation  of  the  phosphatic  layers  in  the  Cretaceous  rocks. 

The  Author  replied  to  Mr.  Woodward  that  he  had  not  observed 
casts  of  corals  in  phosphates  found  in  the  West  Indies.  To  Prof. 
T.  Knpert  Jones,  that  guano-deposits  are  still  in  course  of  forma- 
tion^ as,  for  example,  in  the  Monks  Islands  near  Aruba.  The  rain, 
however,  dissolves  out  the  soluble  phosphates,  which  are  lost,  as  the 
rocks  on  which  these  deposits  occur  are  of  a  siliceous  nature.  The 
infloluble  portion  of  the  guano  forms  a  crust  upon  the  rock.  To 
Mr.  Hudleston,  that  this  replacement  of  carbonic  acid  by  phosphoric 
add  might  throw  light  upon  the  formation  of  phosphatic  layers  in 
the  Cretaceous  rocks. 
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12.  Onihe  Lower  Eoobhb  Plakt-bbob  of  the  Babalho  Fobxaiioh  of 
XJlstbb.  By  J.  Siabkib  Gabditbb,  Esq.,  F.L.S.,  F.G.S.  (Bead 
Deoember  3,  1884.) 

Thb  general  featores  of  the  basaltic  dlBtrict  of  Ireland  have  been  too 
frequently  described  to  need  more  than  a  few  introductory  words 
here  *.  It  is  situated  in  the  N.E.  of  Ireland,  and  forms  a  plateau 
with  steep  escaroments  on  every  side,  except  in  the  direction  of 
Ix)ugh  Neagh.  The  formation  rests  upon  a  very  uneven  surface,  and 
the  thickness  of  the  lowest  of  the  three  divisions  into  which  it  has 
been  classified  is  thus  very  variable.  It  is  described  by  Hull  as 
''silioated  felspathic  trachytes,  porphyry,  pearlstone,  pitchstone." 
But  a  good  deal  of  the  lava  resting  upon  the  Chalk  appears  outwardly 
to  be  amorphous  trap.  The  second  division  contains  all  the  plant- 
beds  hitherto  found  in  the  basaltic  formation  in  Ireland,  with  the 
possible  exception  of  those  of  Lough  Neagh.  The  third  is  composed 
of  solid  sheets  of  columnar  and  amorphous  basalt.  The  greatest 
total  thickness  observed  in  Ireland  is  at  Sleamish,  a  mountain  14^37 
feet  high,  all  that  is  visible  (at  least  1100  or  1200  feet)  being  com- 
posed entirely  of  basalt.  These  basalts  have  been  eroded  on  a  colossal 
scale,  for  the  valleys  are  scooped  out  of  solid  horizontal  sheets,  as 
pointed  out  by  Gonybeare  to  this  Society  so  long  ago  as  1816  f. 
They  seem  to  have  formed  almost  the  southern  limit  of  a  formation 
which  once  stretched  continuously  to  Iceland,  and  to  what  thickness 
they  were  originally  erupted  can  never  be  known ;  but  the  upper  or 
columnar  basalt  series,  now  only  400  or  500  feet  thick  in  Antrim,  is 
believed  to  expand  to  the  immense  total  of  from  3000  to  4000  feet  in 
Mull,  only  some  70  miles  distant.  One  of  their  most  characteristic 
features,  as  in  Iceland,  is  the  relative  rarity  of  dykes.  When  present 
their  prevailing  trend  seems  to  be  S.E.  to  N.W.  I  believe  the  idea 
that  any  traces  of  necks  or  craters  remain,  through  which  such  masses 
could  have  been  erupted,  though  once  strongly  advocated  {«  is  now 
abandoned,  and  the  theory  that  at  least  the  upper  series  welled  up 
through  fissures,  represented  in  part  by  the  four  gigantic  dykes  seen 
on  the  north  coast,  will,  perhaps,  be  more  generally  acceptable. 

The  middle  horizon,  in  which  most,  if  not  all,  of  the  sedimentar}' 
deposits  containing  plants  occur,  marks  a  very  considerable  interval 
of  time  during  which  the  slow  disintegration  of  the  basalts  permitted 
the  formation  of  iron-ores  to  a  thickness  of  40  or  50  feet  and  also  of 
great  masses  of  lignite.  The  sedimentary  deposits  of  Glenarm  and 
of  Ballypalady,  at  leaat,  show  the  passage  of  larger  bodies  of  swiftly- 
flowing  water,  and  were  formed  in  the  bed  of  a  river.     The  lignites 

*  Hull,  Phys.  Geol.  &  Geogr.  Ireland,  chapter  iii ;  Einahan,  Oeology  of  Ire- 
land, 1878 ;  Portlook*B  Report  on  Londonderry  and  Tyrone ;  Ac. 

t  Geol.  Trans,  vol  ill ;  Berger  on  the  Geological  Features  of  North-east 
Ireland,  p.  127. 

X  Hull.  Phys.  Geol.  &  Geogr.  Ireland,  1878,  cbi^ter  iii. 
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show  that  this  was  bordered  in  places  by  marshy  or  boggy  land.  All 
the  physical  data  combine  to  prove  how  vast  the  antiquity  of  this 
part  of  the  formation  mnst  be ;  bat  as  I  have  recently  discussed 
theae  at  some  length  elsewhere  (and  those  interested  can  follow  my 
argoments  in  the  '  Report  of  the  Belfast  Naturalists'  Field-Club ' 
for  the  year  1884),  I  do  not  propose  at  present  to  allude  to  them 
farther.  Conclusive,  however,  as  the  inferences  deduced  from  phy- 
sical data  appeared,  I  am  able,  through  still  more  recent  investigations, 
to  set  aside  the  whole  of  this  evidence,  and  to  demonstrate  on  simple 
palaeontological  data  that  the  plant-beds  are  actually  very  low  down 
in  the  Eocene  series.  All  are  aware  how  universally  they  have 
hitherto  been  regarded  as  Miocene.  Nothing,  indeed,  in  the  progress 
of  geology  appears  more  remarkable  than  the  almost  complete  una- 
nimity with  which  their  age  has  been  accepted,  when  the  character 
of  the  evidence  is  examined.  Of  the  many  distinguished  writers  on 
the  basalts  of  Ireland  and  Scotland,  not  one  has  called  it  in  question ; 
and  Prof.  Hull,  for  instance,  almost  apologetically  ventures  to  speak 
of  the  lowest  trachyte  or  porphyry  of  Sandy  Brae  as  "  possibly  be- 
bilging  to  the  latter  part  of  tiiie  Eocene  series ; "  *'  at  any  rate,  such 
is  tibe  contrast  to  the  overlying  sheets  of  basalt  of  known  Miocene 
age,  that  I  am  constrained  to  infer  a  considerable  lapse  of  time 
between  their  respective  eruptions"*. 

As  I  propose  to  review  this  evidence  at  length  elsewhere,  I  do  not 
Ihink  it  necessary  to  do  more  than  glance  at  it  now.  The  first 
description  of  any  inter-basaltic  plants  was  communicated  to  this 
Society  by  Edward  Forbes  in  1851 1.  Our  knowledge  of  Tertiary 
plants  was  very  meagre  thirty-three  years  ago,  and  he  was  only  able 
to  hazard  the  opinion  that,  judged  by  the  then  state  of  our  know- 
ledge, they  were  "  decidedly  Tertiary,"  and  "  most  probably  "  Mio- 
cene. Heer  t  subsequently  claimed  two  of  them  as  Miocene  forms ; 
but  the  first  is  merely  a  yew-like  coniferous  twig,  probably  a  TcuimSy 
that  might  be  of  any  age ;  and  the  second  a  dicotyledonous  leaf  which 
finds  its  parallel  equally  in  the  Cretaceous  and  in  the  old  Eocene  of 
S^xanne.  Many  of  the  Mull  plants  are  also  found  at  Atanekerdluk ; 
but  the  age  of  tiiese  beds  has  been  settled  in  precisely  the  same  per- 
fdnctory  manner  as  in  the  iostances  we  are  discussing.  It  occurred  to 
somebody  that  the  Antrim  and  the  Mull  plants  must  be  of  the  same 
age ;  but  the  only  notice  I  can  find  of  any  actual  comparison  of  them 
is  by  Baily  §,  whose  conclusion  that  they  differed  as  a  group  tells  in 
an  entirely  opposite  sense.  I  am,  in  fact,  personally  aware,  so  far, 
only  of  one  plant  in  common ;  and  this  is  not  only  rather  doubtful, 
bat  was  discovered  at  Mull  only  three  or  four  years  ago,  and  is  not 
yet  published  ||,  nor  has  it  been  made  use  of  by  any  one  for 
comparison.  The  Irish  plants  are  all  from  below  the  columnar 
basalts  and  are  very  considerably  older  than  the  MuU  plants,  which 

*  Hull,  Phys.  GkoL  k  Geogr.  Ireland,  1878,  chapter  iii« 
t  QuaH.  Journ.  Geol.  Soc.  vol.  vii.  (1861),  p.  103. 

iLyeU's  •  Elements  of  Geology/  6th  edit  1865,  pp.  261,  2621 
Quart  Journ.  G«oL  Sbc.  vol.  xxv.  (1869),  p.  360. 
I  Since  p^bli•hed  in  the  iasaeof  the  FahBontograpbioal  Society  for  1884. 
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Dticur  amaiif?  tho  coluraniir  soriea*  Now  tliere  ra  OTily  erne  3om»  whom 
ii4!;o  iM  i^tniti^'tapliic.illy  a-scortaiiied,  that  the  Irish  pLinta  rt'serablc; 
and  tills  is  tin*  Hoci'siaD  duni  of  (idiDdcn,  so  low  down  in  the  EoceEi* 
that  wc  huvi^  no  rt^prot'cntitiveji  of  it  in  EnglaEd.  The  resemblance 
is  not  f^uperttciiil,  hut.  an  1  intend  to  demonstrate  on  another  ocm- 
wion,  fuudnmi'ntjil.  Already  in  the  Midi  bods,  and  equally  m  mr 
oLh'Kt  Eri^'li?^h  Eoi^enu  tlorai?  frH>in  helow  the  London  t'ltiy,  the  HeersiEm 
ohfiriLeteri^sticii  have  disapjuuired.  On  the  other  hand,  thest^  Ixibh 
tinras  have  not  one  sinj^le  element  in  eoniraon  with  any  of  ascertairn^ 
jriocene  a^e.  In  this  eoinmiinication  t  hese  mufit  remain  luerely  bald 
sfatenn^ntii  requiring  eorroboration  ;  hnt  I  intend,  aw  I  have  !*aidJo 
^0  m  i'nlly  into  thc^  ni jitter  at  a  futnre  time,  that  it  would  he  useless 
t^j  do  m  imperlfeetly  now. 

1  will  now  proceed  to  deneribe  the  nctnal  localities  whence  thy 
plaids  are  ohtryiued,  m  that  tlit-  conditions  nnder  which  they  have 
been  ]treserved  may  lie  realized.  The  Hallypalady  locality  has  bet*!! 
dcftcrihed  to  ttiis  Soeirty,  and  T  thmefore  content  myaelf  with  it 
reference  to  it  almost  eoniinM  to  ]M)int.^  jireTiously  overlooked  or 
whore  ray  inteq>ret.jtion  difiVTH,  The  Ulenarm  mine  has  only  hcea 
described  at  flecond-hmid  and  from  rt  eoUeetion,  owing  to  it?  baring 
heen  inaecosbible  for  many  \  f?ar»,  and  no  aeeonnt  of  it  has  been  laid 
before  tliiis  t^ociety.  The  llaUantoy  betL^i  have  only  yiddod  anin^ig^ 
liificant  number  of  jilantis,  and  are  therefore  not  of  ver^^  great  interest 
The  Lon^h-Xeufjjh  hedss,  on  tbo  contrary,  are  of  euch  vast  extent  und 
thieknesB  and  tso  little  ib  known  regarding  them,  thnt  I  have  thought 
it  well  to  collect  all  the  actual  ob»ervationa  I  can  find  od  record 
likely  to  assist  in  delermirdn^  their  ag:e.  Hull  and  Einalian  unite 
to  eouhidcr  them  Pliocene  ;  but  it  u ill  be  seen  that  some  of  the  oltkr 
writers  agree  m  itb  memherj^  of  the  lielfaat  Field  Club,  especialiy 
MeBsrs,  fffra>'  and  Swaufiton,  in  considering  their  ago  to  he  oontpra- 
jKintneons  with  the  liasalt  ;  arid  this  view  1  do  not  heeif«ate  to  uphold. 
Finsdly  I  have  thonght  it  usetid  to  add,  for  eomparison,  some  not<3* 
taken  during  a  two  days'  visit  to  Ardtnn  Head  in  Mull, 

Before  g^dng  further,  I  eannoi  help  calling  attention  to  the  rfr* 
markable  support  the  physiography  of  thia  district  lends  to  a  theaiy 
I  have  Bometimes  advocated,  namely,  that  the  addition  of  wdghfc  at 
any  given  spot  eauscij  a  depreRaion  of  the  earth's  crust  in  somedeglOC 
equal  to  this  addition.  The  basalt  forms  a  high  plateau  mk  etefj 
side  except  towards  Lough  Neagh.  Here  there  is  an  area  of  at  least 
40  sr|uare  miles  {if  aeeumulat-ed  sediment  which  has  been  bored  to  • 
depth  of  30(>  feet  without  bottom,  and  hero  only  are  the  hasulti 
dragged  down,  as  it  were,  to  beneath  the  @ea-level,  I  have  lurtlier 
Bhowu  that  the  theor%^  pushed  to  one  of  its  logical  conclusiaiis,  di- 
manda  a  slight  uptHtiug  of  eoast-linei  and  that  cliffs  should  bavu  aJI 
inland  dip.  A  glance  at  the  arrows  on  the  Geological-Survey  map 
shows  that  the  dips  are  invariably  in  accordance  with  this  tiieory) 
falling  away  from  the  sea  with  every  point  of  the  compass  demanded 
by  the  Bhore;-conix)urs^  producing  anticlinals  on  the  opposite  sides  of 
sea-loughs.  Again,  though  the  lofty  shore  dips  inland  as  asnal 
opposite  Eathlin  Isle,  the  strata  are  exactly  reproduced  there  on  a 
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lower  level  and  with  the  same  dip,  a  repetition  that  could  only  occur 
trough  subsidence. 

TJie  BaUypcHady  Leaf-hed. 

The  beds  were  first  exposed  in  a  small  railway-cutting  about  a  mile 
north  of  Templepai^ck  station.  A  quarry  was  subsequently  opened  in 
them  in  a  ravine  a  few  yards  to  the  south,  and  has  been  worked  some 
200  yards  east  and  west,  with  a  depth  of  about  25  feet.  A  massive 
basalt  dyke  separates  it  from  the  cutting,  so  that  it  is  impossible  to 
say  whether  the  section  on  the  higher  level  is  an  upthrow  of  the 
b^  seen  in  the  quarry  or  a  higher  portion  of  the  series  which 
should  be  added  to  its  thickness.  The  total  thickness  is  in  any  case 
unknown,  as  the  quarry  does  not  expose  the  base.  The  beds  are 
laminated,  indurated,  ferruginous  earth,  fine  breccias  of  altered 
volcanic  material,  and  thin  seams  of  lignite  irregularly  deposited 
and  somewhat  twisted.  The  prevailing  colour  is  an  ochreous  brown. 
The  breccias,  though  coarse,  seem  wholly  free  from  any  mixture  of 
the  older  rocks,  and  contain  neither  flint  nor  lime  derived  from  the 
Chalk. 

The  plants  do  not  appear  to  be  confined  to  any  particular  horizon 
or  patches,  but  are  distributed,  in  more  or  less  perfect  preservation, 
wherever  the  matrix  happens  to  be  sufficiently  compact,  and  fir- 
cones are  found  even  in  the  breccias.  The  beds  have  hitherto  been 
supposed  to  be  lacustrine ;  but  the  coarseness  and  brecciated  nature 
of  some  of  the  layers,  and  their  irregularity,  indicate  the  bed  of  a 
shifting  river  subject  to  variations  in  volume.  The  width  of  the 
deposit  cannot  be  ascertained  ;  but  in  the  cutting  about  a  quarter  of 
a  mile  to  the  south  the  beds  seem  possibly  Geyserian  and  to  have  been 
subjected  to  great  heat.  Their  horizon  has  been  determined  by  the 
Geological  Survey  at  some  600  feet  from  the  base,  and  400  feet  from 
tiie  tc^  of  the  basaltic  formation. 

Iron-ores,  boles,  lithomarges,  and  pisolitic  ores  are  widely  distri- 
buted through  the  basalts,  for  the  most  part  on  one  horizon,  but  are 
destitute  of  all  plant-remains  except  wood.  They  are  unfortunately 
nowhere  fossiliferous  except  at  BaUypalady;  but  as  the  section  there 
is  not  complete,  it  may  be  useful  to  supplement  it  with  one  quoted 
in  the  'Guide  to  Belfast'  by  the  Naturalists'  Field  Club,  p.  60,  at 
Belmnford,  Island  Magee.  Here  the  pisolitic  ore  averages  about 
18  inches  thick,  the  aluminous  ore  varies  up  to  5  feet  thick,  and 
tile  lower  or  lithomarge  bed  is  sometimes  found  as  thick  as  40  feet 
or  more. 

The  Olenarm  Leaf-bed, 

This  bed  occurs  in  the  iron-ore  and  bauxite  mine  of  libbert*, 
about  a  mile  in  rear  of  Glenarm,  and  about  700  feet  above  the  sea- 
level.    The  Chalk  crops  out  in  the  road,  and  the  basalt  a  little  above 

*  The  mine  was  full  of  water  and  quite  inaooesaible  for  some  years  paat, 
until  I  had  it  drained  and  reopened. 
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it  ;  but  the  ri^st  of  the  hill  is  maskf3d  by  "Boulder-cky.  The  horiimi 
of  the  k^tif'bt'd  must,  however,  nearly  appros:imate  to  that  of 
B;rl]y|iLtLif]\\ 

The  ^dit  is  levvl,  ;Hif]  aftxT  pif^rtiiig-  iibout  30  feet  of  Boalder-clay, 
reaches  n  compact  sandy  clay  in  win  eh  the  phitit-rGmain*!  occur* 
neneath  this  id  an  iiiduratJi'd  miaiet^uiss  snnd,  the  biisc  of  which  ii  not 
exposotl,  so  that  its  thicknes^s;   pannot  be   measured.      The  rainer 
whom  1  employed  stated  tbut  the  base  was  lithoraarf^e,  hni  he  did 
tjot  know  hm^  deep  down  this  oecurred.     The  leaf^bed  itflelf  occurs 
nt   tlift  anprlo  of  a  ertvss-cut  mul  doi^s  not  reappear  on  the  opposite 
faeoH  1  it  i^  l>i>mided  on  one  ol   tht^  reTiniiiiinp;  sid^^  by  the  Bouldei^ 
cby,  tiwd  on  the  oth{'r  by  a  E^light  downthrow,  so  that  it&  supcrfieijil 
extent  is  mry  limited.     The  bed  is  abinit  nix   feet  thiek,  but  well- 
preserved  leaves  are  ronhned  to  about  one  foot,  wheru  the  matmia 
whiter  and  m'lre  luminatid  play.     Tfie  resi  of  the  bed  is  greyer  and 
more  f^rtndy.  Find  eontmHa  dark  and  ill-delinod  imprej^ioDs  of  leaves, 
limbs,  and  trunky  of  trees,  and  extends  a  eonBiderable  distance  into 
tlie  mine.     Above  this  ih   a  sing^iilar  eonglomeratc  of  weU-rounded 
pelibles  of  verj-   hard   clay  in   an   eqndly  ijiduratid  paste.     The 
snrfactj^  of  these  pebbles  are  here  and  there  polished  and  striated  by 
pressurt\  nnd  (hirkened  so  that  they  exaetly  resemble  flints  to  the 
eye,     Thin  ronf»lomi:rate  is  ^nect^'tkd  ojs  'ft  ell  a-s  sometimes  replaced 
by  eoitrse  qn?irti5-^frili?.  the  grains   beiu|^  always  et^mcnt^  by  the 
same  yufiir.     These  rnid  the  ^^rey  mieacefma  sandy  clay  are  at  l^Jl9t 
*jtl  feet  in  tbickne&?(.     The  iKtnxite  resits  upon  this  nud  2iko  contra 
massea  of  lignite  and  lifrniti?ied   wood.      Decider  in    the   minti  it 
becomes   bloteheil  witli  red  and  jTrudiuJly  pasjjjes  into  an  iron-crl^^ 
whieli  also  oieilies  it,  ami  which ^  with  a  band  of  lignite,  completes 
the  series  of  t^etlimentary  deposits  np  to  the  basalt,     Tbo  lower  paiti 
of  the  deposit  were  nudoultle'dly  foriued  hy  running  water  of  fiOrae 
f^wiltnei^s  \  Imtthe  upper  part^  ( t  he  lignite,  the  bans^ite,  and  iron-ore) 
are  the  resultB  of  more  trainiiiil  dei»o^ition.     The  banxite  may  W 
the  iiner  residuum  from  the  decomposition  of  granite^  or  of  haidt, 
with   tlie   iron  &e,    removed  by  some   natural  process  t   hut  it  i^ 
evidently  not  Geyaerian,  m   the   bauxites  of  Franc©  have  bwn 
surmised  to  bo. 

77i/>  Ealtmtay  Leaf-hed* 

The  leaf- impress  ions  are  found  in  compactly  laminated  lignite,  and 
the  leaves  present  h  somewhat  glistening  surface  in  contrast  to  the 
dull  b!aek  of  the  matrix*.  \^'ood-structure  is  ahjo  weU  ppoaerred, 
and  can  be  recogni?.ed  as  coniferous,  Thehgnites  are  her©  directly 
overhiin  by  the  basalts,  hut  rest  on  carbonaceous  clay  with  rootlets 
in  the  usual  manner.  Their  tbieknese  appears  to  Tarj-  from  2  to  5 
feet ;  but  tboy  are,  in  places  at  least,  separated  int<i  two  beds  by 
interveniri!?  clav.      The  l>e<]9  extend  for   some  ili^tfmrw>,   find   the 

*  Traill  mentioDB  the  ocourrenoe  of  plants  in  the  olay  tinder  the  lignite,  but 
I  ha^e  not  myself  come  across  any  in  this  position.  He  pUoes  the  nJgxdtes  of 
Ballintoy  at  some  SO  to  40  feet  above  the  bole. 
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formatioii  appears  to  be  the  most  extensive  of  its  kind  in  Ireland. 
Ballintoy  is  on  the  coast,  a  little  east  of  the  Giants'  Causeway, 
lignites  occur  in  many  other  places  within  the  basaltic  area,  and 
oocasionally  present  themselves  in  the  escarpments  all  round  its 
borders.  In  no  other  district,  however,  have  any  defined  leaf- 
impressions  been  detected,  and  their  interest  is  therefore  purely 
8t7atig;raphical.  Wood  in  a  very  interesting  state  of  preservation 
is  obtained  from  the  neighbourhood  of  the  Causeway.  It  is  very 
fibrous,  of  reddish  rust-colour,  and  almost  satiny  sheen.  The 
whole  tissue  has  been  replaced  by  oxide  of  iron,  leaving  every 
detail  of  structure  in  marvellous  preservation.  Mr.  Carruthers 
kindly  examined  it  with  me  and  concluded  that,  unlike  all  the 
rihdiied  wood  we  have  yet  seen  from  Lough  Neagh,  it  is  of  pine  and 
not  cypress  wood.  A  considerable  bed  of  lignite,  stated  to  be  six 
feet  thick,  crops  out  in  the  grand  section  above  the  Causeway,  and 
there  are  ochreous  earths  at  several  horizons ;  and  even  so  far  back 
as  1836  Nasmyth  found  what  he  took  to  be  charred  branches  of 
trees  in  the  red  haematite  there*.  At  a  place  called  Lemeneigh  the 
lignite  is  overlain  by  compact  reddish  earth ;  and  in  the  not  distant 
bauxite-mine  the  li^ite,  five  feet  thief,  is  directly  overlain  by  basalt, 
and  rests  upon  impure  bauxite  with  veins  of  lignitic  matter,  then 
purer  bauxite,  merging,  as  at  Glenarm,  into  iron-ore.  In  the  spoil- 
bank  here  I  found  a  single  impression  of  a  leaf;  but  though 
Mr.  Swanston  and  I  made  every  search  in  the  mine,  we  could  not 
find  whence  it  came.  The  lignites,  iron-ores,  and  bauxites  are  here, 
as  elsewhere  in  Antrim,  on  practically  the  same  horizon. 

The  Lough-Neagh  Formation, 

The  lignitic  series  of  Lough  Neagh  is  very  considerable,  occupy- 
ing about  180  square  miles,  including  the  entire  Lough,  except  the 
northern  shore  between  Ballyronan  and  Sandy  Bay.  It  has  twice 
been  bored  near  Anaghmore  to  a  depth  of  about  260  feett,  at 
Portmore  to  240,  and  Demagh  to  173  J,  without  having  in  any  of 
these  instances  been  penetrated.  Its  total  thickness  can  therefore 
only  be  inferred  §. 

Its  composition  is  similar  to  that  of  the  Tertiary  formation  at  Bovey , 
being  a  mass  of  alternating  white,  brown,  greenish-blue^  and  red 
plastic  clays,  white  and  grey  sand,  with  irregular  beds  of  lignite. 
Judging  from  the  composition  of  the  series  it  seems  probable  that 
it  may  contain  many  fossiliferous  bands. 

The  numerous  writers  upon  it  agree  in  placing  its  stratigraphical 
position  above  the  Chalk  and  beneath  the  Boulder-clay.  It  is  also 
believed  to  rest  on  basalt  throughout  a  great  part  of  its  area,  but  to 
overlap  and  rest  on  the  Trias  in  the  direction  of  Tyrone.  The  only 
two  points  where  it  appears  to  have  been  actually  observed  resting  on 

*  •Autobiography  of  Naamyth,'  by  Smiles,  1883. 

t  Griffith,  *  2od  Keport  of  Kailway  CommisBion/  p.  22. 

iHardman,  •  Journ.  Eoy.  Geol.  Soc.  Ireland/  vol.  iv.  p.  176. 
Hardman,  £xpL  Mem.  to  Sheet  35,  GeoL  Survey  of  Ireland,  estimatee  theit 
masmmn  thickness  at  not  leas  than  600  feet    ForUock's  Beport,  p.74. 
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basnltt*  tire  in  the  Ballindcrry  river  (wht^re  ifc  is  described  byPortlock 
lis  "  idlurjiEik^  liiver^  of  ftiiruraiiil  ituiierfect  Uguite,  in  fragments  1  to 
4  inoliiB  tliit.'k.'ti  ft'et  ;  }»luo  chiy,  uo  dqith  stated;  basalt)  and  ia 
the  CnuiiHii  river*  l  where  it  is  uuly  7  tc€t  thick,  3  of  whit-h  ane 
e(»;irse  f;nivelly  matter  iukI  1  foot  si  hrd  with  shells),  Mr,  SwanstoD  t 
nnd  other.^  havi.'  s^huwii  tlml  in  this  latter  cxumplf  a  drift  witb 
tri-^h-hiijkinj;  sht Us  of  J//^///i«if [/*//(,¥  t  had  been  mistaken  for  tk* 
Lou^'h-.\eii|,di  heds  ;  while  evuii  at  IliiUiiHlerry  the  section  does  not 
soein  to  hiivc  been  aceurately  obiservcd,  and  might  l>e  in  a  redeposited 
UKi-s.  ThiTe  is,  great  iirohaliilityt  httweveiv  that  a  large  part  of  the 
furmatiun  may  jutuidly  rest  npoii  husnlt :  but  the  view  embraced  by 
Ihi'  (jri>logirfjl  Snrvcy  uf  Ireland  and  other^^,  that  the  entire  foraiation 
U  newiir  than  the  hitest  t)a.salts^  seemn  oi>i>osed  to  the  evidence;  and 
the  inferences  that  it  is  Pliocene,  FleiHt^eene,  and  even  pmetically 
the  delta-lVjrniation  of  exi^tin;^  rivers,  and  intiuittUdy  connected  with 
the  [>re?ient  hike,  arrs  t^j  my  mitid,  wholly  unwarranted.  It  may  be, 
as  at  Bc^vey ,  that  the  hedy  are  in  phice^i,  however,  covered  with  a  recent 
head.  The  positioiv  anil  inehnjtion  of  tlie  hcds  would  lead  me  to 
pbice  tlieni  htw  dmvn  aniuii^  the  basalts*,  and  in  the  tilenavy  river  a 
maris  of  bjisalt  all  but  re^ts  \qmu  them.  This  rtdative  position  has 
been  exjphnurd  by  ,supi><'*!^ing  that  the  basalt  torms  an  old  cliff- lino 
against  whit  h  the  Iflcuhtriiie  bc^<h>  terminate  ;  but  Mr.  Swanston  haa 
combated  thetie  views,  and  believes  the  Lough-Neagh  Bods  to  br 
inter- baRaltic-  I  think  the  further  conaiderationi  to  be  bronght 
forward  8ii[i|port  his  belief, 

A  <juestion  no  lo?^s  vexeil.  And  inseparable  firom  the  otber,  ia  ^ 
tige  ot^  tlie  relebrated  i>etrifiud  wood  of  Ijcjugb  Nea^b,  The  beat 
recorderl  fact  ecmcernitjg  it  i^  the  oft-quoted  statement  of  Bart4)Q  §, 
a  re!?ident  and  very  careful  ubserver,  that  there  was  a  bank  some  12 
feet  high  and  tiH  feet  from  tlie  lake,  td.  a  place  called  Aabanefltl, 
opposite  llam\s  Island,  where  a  section  was  obtaiaed  by  digging, 
in  17^)7,  ai4  lollow«  :-— '^*The  up[»cr  stratum  was  a  bed  of  red  cl^y,  3 
feet  deep;  the  second  blue  clay,  4  feet ;  the  third  black  wood,  4 
feet,  rejiosing  on  another  stratum  of  clay.  This  stratum  of  Wf»od 
is  of  one  aniform  ma^s,  and  is  capable  of  being  cut  with  a  spad^ 
Hornet imeK  the  "w  ood  will  not  easily  break  ;  m  that  case  it  requtrea  tb© 
aid  of  some  other  tool  to  separHte  it  from  the  mass ;  and  m^iy,  if 
proj^erly  done,  attbrd  a  block  of  2Mi),  yOO,  c*r  4<)0  lb«.,  which,  bei&g; 
carefolly  examined,  is  found  to  consist  more  or  loss  of  stone  "||.  This 
statement  is  very  ex[*licit  and  is  eorroberateil  by  Dr,  8eouler, 
Profe.^sor  of  Mineralogy  to  the  Koyal  Dublin  Society,  who  adda:-^ 

*    llHrdamTi.  Gt'ol  Mag.  187b\  p,  55^k 

I  Mr.  jswanston  adds  m  a  letter  to  me  that  the  prosenoe  of  Fonuniniierm 
with  the  MytiUis  provee  these  clays  to  have  been  of  marine  origin,  and  the  pre- 
eenoe  of  glaciated  pebbles  in  the  "  3  feet  of  coarse  gravelly  matter  *'  puts  t£em 
into  the  drift. 

§  Richard  Barton,  B.D.,  *  Lectures  on  L.  Neagh,'  1751,  pp.  6  k  139,  also 
discussed  at  length  in  Portlock's  Report,  p.  75. 

II  Rev.  J.  Dubourdieu,  'Statistical  Survey  of  the  County  of  Antrim,'  1812, 
p.  187,  states  that  the  wood  is  often  only  partly  stone,  the  brittle  wood  joining 
on  in  one  continuous  piece. 
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**  but  tx>  remove  all  hesitation  on  this  head,  a  man  was  empbyed  in 
digging  till  I  could  obtain  both  kinds  of  wood  "*.  I  was  personally 
prepoflsessed  in  favour  of  the  theory  that  the  lignites  were  the  true 
matrix  of  the  silicified  wood,  as  I  have  met  with  partially  silidfied 
cores  to  lignitized  trunks  at  Stafholt,  in  Iceland,  and  Cushendall,  on 
the  Antrim  coast.  At  my  suggestion  Mr.  Swanston,  F.G.S.,  and  Mr. 
Stewart,  F.L.S.,  both  most  able  observers  and  much  interested  in  the 
question,  visited  Lough  Neagh  on  the  17th  November  last,  and  were 
fortunate  enough  to  obtain  evidence  which  I  think  it  must  be  admitted 
sets  the  question  at  restt.    Their  observations  are  as  follows : — 

''Near  the  ferry  across  to  Bams  Island, on  the  level  fringe  at  margin 
of  the  lake,  a  shallow  pit  has  been  sunk,  and  under  about  18  inches 
of  surface-gravel  a  compact  bed  of  lignite  has  been  struck,  and  several 
tons  of  it  t^wn  out  The  material  is  mostly  woody,  showing  a 
distinct  structure,  and  seems  to  have  been  a  deposit  of  broken  drift- 
wood. Mixed  with  it  irregularly  is  a  good  detd  of  vegetable  matter 
greatly  broken  up.  Twigs  can  be  identified  in  it,  but  no  leaf-form, 
although  from  its  flaky  character  it  would  seem  to  be  mainly  made 
up  of  decayed  leaves.  We  became  greatly  interested ;  and  on  asking 
the  farmer  whether  he  had  found  any  petrified  wood  in  it,  he  told  us 
tiiat  he  had  carted  some  of  the  lignite  to  his  house  for  burning,  and 
that  the  heart  of  the  la]^;est  piece  turned  out  to  be  stone,  which  he 
kept,  and  he  was  good  enough  to  go  with  us  to  the  farmstead  and 
give  it  to  us.  It  was  a  piece  of  veritably  silicified  wood.  On 
examining  the  heap  he  had  carted,  I  came  od  another  piece,  possibly 
a  fragment  of  the  piece  that  had  been  burned,  leaving  no  doubt  as  to 
where  they  came  from.  The  pit  has  only  been  sunk  to  a  depth  of  4 
feet,  the  lignite  being  compact  and  undisturbed,  but  enclosing  small 
patches  of  white  plastic  clay.^'  Mr.  Swanstom  further  observes  that 
Barton's  description  is  remarkably  exact ;  for  after  baling  the  water 
out  of  the  pit,  he  set  to  work  with  a  spade  and  dug  into  the  mass. 
It  required  great  efforts  to  force  the  blade  of  the  spade  to  its  full  depth 
into  it,  as  it  was  not  of  uniform  density,  the  wood  being  hard  and 
the  other  vegetable  matter  more  yielding.  The  lignite  fippeared  to 
dip  towards  the  Lough  10°  or  15°  N.  or  N.W.  The  lij^tes  are 
also  cut  into  at  another  point  north  of  the  Olenavy  river,  but  the 
ipot  is  at  the  present  winter-season  inaccessible  owing  to  the  high 
level  of  the  water.  It  seems  tolerably  evident  that  tihe  silicifying 
process  only  takes  place  where  the  lignite  is  of  great  thickness  and 
the  trunks  large  and  compact.  The  wood  is  found  most  abun- 
dantly at  Olenavy,  where  these  conditions  conspicuously  exist,  as 
proved  by  records  of  borings  in  the  immediate  vicinity.  Thus 
Donald  Stewart  t>  employed  by  the  Eoyal  Dublin  Society,  says 
that  at  Portmore  ^*  they  bored  through  two  beds  of  coal,  or  what 
is  called  black  wood,  25  feet  thick  each,  and  a  third  9  feet  thick 
and  80  yards  deep;  they  bored  18  inches  into  a  4-feet  stratum,having 

*  Jonnud  Oed.  Soa  Dablin,  vol.  i.  p.  235. 

t  Letter  from  W.  S.  Swanston,  18(h  NoTember.  1884 

\  Soouler,  <wO.  p.  236. 

a  J.  a.  8.  No.  161.  H     ^      - 
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no  more  rods  to  go  deeper."    A  boring  at  Sandy  Bay  gave,  according 

to  Griffiths*:— 

ft  in. 

Blue  clay 10    0 

Black  lignite  mixed  with  blue  day    26    0 

Clay 2    6 

Blacklignite    20    0 

Clay 4    0 

Black  Ugnite    15    0 

76    6 

The  area  on  the  Longh  over  which  silicified  wood  is  fonnd  extends 
from  Dongannon  to  Glenavy,  a  distance  of  20  nules.  Mr.  Gray,  of 
Belfast,  has  fonnd  petrified  wood  from  the  drift  at  Goleraine,  taken 
from  a  well  in  the  Bonlder-day,  40  miles  northward  from  the 
mouth  of  the  Crumlin  river.  Also  from  the  Boulder-day  in  a  deep 
cutting  at  the  back  of  the  site  for  a  manse  at  Cullybackey,  20  miles, 
and  from  a  cutting  in  the  Boulder-day  for  a  road  between  Eandalstone 
and  Toome,  10  miles  north  of  the  mouth  of  the  Crumlin.  On  the 
south  side  Mr.  Gray  has  only  observed  it  in  the  drift-gravds  within 
the  Maze  race-course,  12  miles  E.  by  S.  from  the  same  point. 

Lawrenoetown  t,  where  siliceous  lignite  has  been  found  in  trap, 
is  17  miles  south  of  the  above  point.  Mr.  Gray  also  calls  attention 
to  the  fact  that  lignite  like  that  of  Lough  I^eagh  crops  out  at 
Dundrod,  half  way  between  Crumlin  and  BelfSetst^.  These  are 
outliers,  and  interesting  as  showing  the  extent  of  the  deposit  before 
it  was  denuded.  It  is  hardly  possible  for  the  silidfied  wood  to  have 
travelled  north  during  the  Glacial  Epoch  unless  the  physical  featnree 
of  the  country  were  completely  reversed ;  and  I  believe  it  is  a  well- 
established  fact  that  the  materials  in  the  Boulder-day  are  derived 
from  the  north ;  and,  if  such  be  actually  the  case,  there  is  no  escape 
from  the  condusion  that  the  Lough-Neagh  beds,  or  beds  similar  to 
them,  once  had  a  greater  extension  by  at  least  40  miles  in  a 
northerly  direction  and  have  since  been  entirdy  swept  away.  The 
view  of  their  former  greater  extension  is  further  supported  by  the 
fact  that  at  Demagh,  parish  of  Clonor,  not  far  from  the  boundary 
of  the  deposit,  the  beds  were  not  penetrated  through  by  a  bore  173 
feet  deep  §. 

*  Portlock's  Report,  p.  167. 

t  In  the  Proo.  Belfast  NaturaliBts'  Reld  Olub,  10th  Annoal  Report,  1873, 

L39,  Ifr.  Ghny  described  "  the  occurrence  of  silicified  wood  in  the  bofialt  at 
wrenoetown,  where  there  is  a  bed  of  Ugnite  in  the  basalt  about  30  feet  below 
the  surface,  and  in  this  lignite  there  are  layers  of  wood  charged  with  silioeoas 
matter,  and  resembling  the  wood  erroneoudy  supposed  to  bo  petrified  by  the 
waters  of  Lough  Neagk  The  latter  is  often  found  quite  hard  outside  ;  but 
when  broken,  portions  of  the  inside  are  quite  soft  and  fibrous,  like  lignite,  and 
pass  from  sort  wood  into  compact  stone,  the  semisilioeous  portions  being 
almost  identical  with  the  hard  portions  of  the  Lawerenoetown  lignite."  This 
£act  seemed  to  the  author  to  supply  the  connecting  link  between  the  silicified 
woods  and  the  basalts  described  by  Portlook. 

I  The  above  facts,  communicated  to  me  by  llr.  Gray,  have  not  preyiouaty 
been  published  in  this  definite  form. 

§  Hardman,  Joum.  fioy.  QeoL  Soa  Ireland,  toL  iy.  p.  176. 
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To  set  agamst  these  positively  recorded  observations,  there  is 
only  the  opinion  that  the  wood  may  have  been  derived  from  beds 
mchided  among  the  basalts  which  might  be  found  in  gitu ;  bnt  the 
only  wood  hitherto  so  found  at  all  resembling  that  of  Longh  Neagh  is 
in  the  state  of  oxide  of  iron,  and  belongs  to  Pvnus^  while  the  whole 
of  a  large  series  of  Longh-Neagh  woods  examined  with  me  by  Mr. 
Carmthers  is  Cupressineons.  The  evidence,  fairly  weighed,  seems 
altogether  in  favour  of  the  interbasaltic  age  of  the  Lough-Neagh  beds ; 
and  my  own  opinion  now  is  that  they  are  of  much  the  same  age  as  the 
Ballypalady  and  other  fluviatile  deposits  to  the  north,  and  that  they 
will  be  found  to  continue  under  some  of  the  lavas.  A  thorough  inves- 
tigation of  the  palseontological  evidence  can  alone,  however,  removethe 
question  from  one  of  inference  to  one  of  fact.  [Mr.  Hardman  main- 
tuned  the  age  of  the  Lough-Neagh  beds  to  be  very  recent  (Geol.  Mag. 
1879,  p.  216),  but  his  arguments  appear  purely  negative.  He 
assumed  that  Barton's  stony  wood  was  pyritized,  that  Griffiths's  section 
at  Sandy  Bay  transposes  the  clay  and  Hgnites,  that  the  deposition  of 
the  days  was  posterior  to  the  faulting  and  denudation  of  the  basalts, 
that  the  real  locus  of  the  silicified  wood  is  the  basaltic  lignites,  &c. 
He  also  points  to  differences  between  them  and  the  bed  at  Bcdlypalady; 
asks  why,  if  they  were  there  in  basaltic  times,  the  basalts  did  not  flow 
over  them ;  and  illustrates  his  reading  by  two  ideal  sections  in  oppo- 
site directions  across  the  lake  (Joum.  Geol.  Soc.  Ireland,  vol.  iv.). 
If  these  assumptions  and  sections  were  correct,  his  interpretation 
would  be  the  right  one ;  but  otherwise  the  lithological  difference  is 
not  greater  than  between  the  interbasaltic  formations  of  Ballypalady, 
Glenarm,  and  Mull.]  The  Lough-Neagh  beds  seem  to  have  been 
formed  near  the  southern  limits  of  the  basalt-flows,  which  are 
vesicular  at  Shane's  Castle ;  but  they  are  in  all  probability  to  some 
extent  overflowed  and  concealed  by  trap  towards  the  east. 

The  nodules  containing  the  plant-remains  are  usually  found  on 
the  shores  of  Sandy  Bay  only  when  the  level  of  the  Lough  is  low ; 
though,  in  company  with  Mr.  Swanston,  we  obtained  an  iron- 
stone nodule  with  leaves  in  the  Boulder-clay  from  the  bank,  and 
two  others  from  the  bed  of  the  Glenavy  river.  The  plants 
these  contain  are  most  diversifled,  though  usually  small-leaved 
dicotyledons  which  at  first  sight  seem  of  very  modem  aspect.  On 
doeer  examination,  however,  many  are  found  to  be  characteristic  of 
the  English  Middle  Eocene,  and  others  of  the  Lower  Eocene.  Others 
are  common  to  Ballypalady,  to  Mull,  and  to  Greenland,  This 
mixture  of  types,  so  separated  elsewhere,  would  be  difficult  of 
explanation,  did  the  thickness  of  the  deposit  not  warrant  the  belief 
that  it  may  have  been  continuously  forming  throughout  more  than 
one  period  of  the  Eocene.  Most  of  the  plant-remains  come  probably 
from  the  higher  horixons  now  exposed  on  the  shores  of  the  Lough ; 
but  some  of  those  from  the  Boulder-day  may  come  from  much 
lower  horizons  in  it.  The  flora,  however,  \b  by  far  the  most 
important  link  yet  discovered  between  the  Eocenes  of  England 
and  those  of  high  northern  latitudes,  and  as  such  is  deserving  of 
most  attentive  study. 
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Tlif  AiuJfun  Lf^'hfJ,  Mr  of  MfdL 

This  18  mo^t  ac<iessii;ilo  od  tho  sides  of  n  email  ravine ,  and  it 
consists  there  of  u  much  Sf|UL'i'Zcd,  indurjitt^d,  fdmctst  hlack  ibl^^ 
from  twa  to  three  feet  thick,  eapped  w  ith  a  film  of  hard  grey  mini- 
Both  above  and  lieluw  is  hard  roti,  deseribetl  by  the  Buke  of  AigrU 
m  Lufl'.  It  set' mi*  to  extend  somt?  OU  yards  east,  End  a  less  dMaiKM 
WList.  Several  other  vanetieFi  of  sedimtntary  rock  come  in  aadae- 
company  it  ia  its  ek^tward  exten^^ion,  among  them  a  strong' oiasft  rf 
eumnt-hcdded  udlowish-whitt*  nvef'&jHid.  A  little  above  itintb 
riivint'  iH  31  mum  of  angular  Hints  and  mnd,  evidently  the  rtaultol 
some  Hudfleii  volcanic  Jiood.  Other  beds  ia  the  mvine  ib ay  contoG 
vegetable  matter,  but  1  only  rccof^urzed  one  that  could  be  termed  b 
*' leaf-bed/'  llio  tup  i^\m^  for  al^out  hjOf  an  inch,  ia  palu  dri^^ 
indurated  mud,  and  is  iiitt resting  as*  marking  a  change  in  tb^eooai* 
tiontj,  Lind  jioshibly  a  volcanic  eruption.  IjCSS  than  a  foot  dowaw* 
tiseful  1 1  lining  of  i^ofter  matter,  which  enables  considerably  blocks  m 
the  matrbc  to  bi^  lilted  witliont  dithcuJty.  The  upper  stratum  iftBJ 
hi'  described  as  highly  laminated  shak%  tho  clcavage-plaiies  beang 
formed  by  the  suifaeea  of  a  large-lobed  or  oordate  leaf,  while  in  the 
lower  and  less  laminated  part  a  small  oblong  leaf  is  moro  sparingly 
distributed.  The  whob3  may  havt;  been  a  tint*  black  fetid  silt,  a« ah 
as  often  results  from  the  oversow  of  a  river  when  its  banks  aw 
level,  r  saw  no  such  regularity  aa  that  shown  by  the  Duke  in  Wfl 
"'  pictorial  section  '*  of  AiNitnn. 

(For  tiiD  DiacrssiojT,  see  the  end  of  the  following  paper.) 
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13.  The  Tertiart  Basaltic  Formation  in  Iceland.     By  J.  Stabkib 
Gardner,  Esq.,  F.L.8.,  F.G.S.    (Read  December  3,  1884.) 

A  eRAiTT  from  the  Qoyernment  Fund  enabled  me  to  visit  Iceland  in 
1881,  with  a  view  of  studying  its  interbasaltic  flora.  I  explored  a 
C3Qsiderable  part  of  the  island  and  visited  every  locality  that  I  could 
reach  where  lignite  had  been  met  with.  I  did  not  take  notes  of 
some  of  the  localities  where  my  visits  were  harried ;  but  the  con- 
clusion I  iavariably  arrived  at  was,  that  the  sedimentary  deposits 
in  which  vegetable  remains  are  found,  are  situated  among  the  glassy 
rhyoUtic  flows  above  the  columnar  series  of  basalt.  The  rhyolites 
are  usually  pale  in  colour,  and  with  banded  structure,  but  are  some- 
times black  pitchstone  or  obsidian.  They  cap  the  loftiest  mountains 
of  the  district  west  of  Akreyri,  and  extend  at  least  to  Baula,  a 
mountain  in  the  same  latitude  as  Snaefell,  and  possibly  beyond  this. 
Thoy  also  occur  on  the  east  coast,  though  I  did  not  reach  any  of 
them  in  that  part  of  Iceland,  which  I  only  visited  from  the  Danish 
mail-boat,  which  calls  in  many  of  the  fiords.  I  did  not  pay  par- 
ticular attention  to  their  thickness,  but  at  Sandafell  I  measured  30  feet 
of  white,  pink,  ivory-coloured,  and  black  glassy  lavas.  The  thickness 
is,  I  believe,  sometimes  greater  than  this,  and  they  are  interrupted 
and  overlain  by  smaller  flows  of  basalt.  The  horizon  is,  however, 
certainly  continuous,  and  marks  a  very  definite  stage  or  phase  in  the 
great  series  of  Tertiary  eruptions  which  extended  from  Ireland  to 
Iceland  in  Eocene  times. 

I  cannot  yet  present  data  to  show  how  much  younger  this  part  of 
the  Icelandic  series  may  be  than  the  columnar  division  of  the  forma- 
tion in  Ireland.  Being  near  the  southern  limit  of  the  flows,  the  series 
may  have  ceased  to  be  formed  at  a  far  earlier  period  in  Ireland  than 
farther  north  ;  and  this  I  believe  to  be  the  case,  as  there  are  no  frag- 
ments of  glassy  lavas  in  the  Boulder-clays  of  Ireland.  Denudation 
may,  however,  have  swept  very  much  of  the  basalt  away.  There  is  no 
base  to  the  formation  exposed  in  either  Iceland  or  the  Faroes,  and  we 
are  therefore  ignorant  of  its  total  thickness ;  but  some  of  the  moun- 
tains reach  an  altitude  of  6000  feet,  and  are  still  within  its  limits. 
Iceland,  like  Ireland  and  Scotland,  has  also  suffered  very  great  denuda- 
tion. The  mountains  of  the  north  and  east  coasts  average  some 
2000  feet  in  height,  and  are  entirely  eroded  out  of  horizontal  sheets 
of  basalt.  The  valleys  radiate  towards  the  sea,  and  many  form  fiords 
of  considerable  size.  On  the  east  coast  especially,  the  only  remains 
of  the  highest  layers  of  basalt  are  pinnacles  or  columns  along  the 
mountain  tops.  The  mountains  are  wall-like  and  continuous,  with 
few  lateral  openings  of  no  great  breadth,  and  flat-topped  in  most 
regions.  Their  sides  are  precipitous,  except  where  masked  by 
talus.  Glaciation  is  very  conspicuous,  and  every  valley  is  occupied 
by  a  rushing  torrent  fed  by  the  melting  snows  of  the  interior,  so 
that  travellers  cannot  proceed  on  foot  for  any  distance,  except  to- 
wards the  interior.  The  rarity  of  dykes  is  one  of  the  most  noticeable 
features  of  the  basalts ;  on  one  occasion  I  only  observed  one  in  a 
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|oumoy  of  30  miles  olon*^  one  of  these  mountjiin  w.ills.  The  oldest 
basalts  arc  not  columnar,  aad  are  very  compact.  The  whole  series, 
up  to  the  rhyolites  at  least,  was  spread  out  in  vast  and  almost  lion- 
zuntal  sheets,  und  I  saw  no  indicationa  that  any  were  suhmarine, 
except  some  of  the  newer  heds  towards  llejkjavik,  which  occnsion- 
ally  contaiu  sea-ahellB  amoog  the  indurated  tuffs.  Tiiey  are  utterly 
different  ia  appoaranee  irom  the  recent  lava- flows,  which  always 
follow  the  directioDs  of  valleys  or  water-courses,  and  it  seetiis  im- 
possible that  they  could  ever  have  bet'ii  crnpted  from  crat^^rs,  no 
matter  of  what  magnitude.  The  recent  volcanic  eniptions  are  as 
utterly  independent  of  the  Tertiai-y  eystem  of  erupted  rocka  ai»  an 
outburst  in  Ireland,  at  the  present  moment,  would  be  independent 
of  the  basalts  there.  They  are  all  Postglacial  and  freah-lookuig, 
while  the  Tertiary  rocks  have  heen,  without  exception,  eroded  on  a 
Btupendous  scale  and  subjected  to  ice- action. 

As  would  be  expected,  from  the  fact  of  their  being  on  such  a 
different  horizon,  the  fossil  plants  of  the  Icelandic  Tertiari^  differ 
Tery  essentially  Irom  those  of  Ireland  and  Scotland^  The  Iriih 
pi  ant- beds  are  all  below  the  horiison  of  the  columnar  basalts,  and 
from  their  similarity  to  the  flora  of  the  Heersian  stajre  of  GeEndeo, 
in  Belgium,  they  cannot  be  assigned  to  a  later  date  than  the  older 
Eocene.  The  Mull  flora,  on  tlio  contrary,  is  aitnated  above  some  of 
the  columnar  basalta,  and  has  already  lost  tho  Heersian  character- 
istics, but  is  still  probably  of  Lower  Eocene  age.  The  Icelandic  plant' 
beds  are  very  raucb  newer,  and  might,  from  their  general  character, 
be  assigned  to  even  so  I  a  to  a  stage  as  the  Miocene,  Some  40  species 
are  recorded,  but  there  are  only  a  few  that  seem  to  rest  on  a  sure 
basis,  among  them  being  Ahie^,  Almts^  and  AaT,  I  was  not  fortu- 
nate enough  to  bring  back  any  extensive  collections,  but  I  have  had 
an  opportunity  of  examining,  at  Copenhagen,  those  that  exist 

Notwithstanding  this  comparative  failure,  I  do  not  feel  discou- 
raged, but  firmly  believe  that  vei^  great  results  in  this  direetiou 
might  attend  another  visit,  especially  to  the  north-west  peninsula, 
to  which  I  have  not  yet  been.  Had  I  been  provided  with  a  tent 
and  stores,  I  might  have  made  longer  stays  on  the  spots  where  plants 
are  likely  to  occur.  Sir  Joseph  Banks^  in  his  '  Letters  on  Ict4and,' 
1780,  p.  II,  speaks  of  petritied  leaves  at  Reikum,  some  of  which,  in 
black  shale,  were  brought  home.  Two  localiiios  on  the  nortIi-w«st 
peninsula  are  mentioned  in  the  *  Flora  foss.  Aretica/  voL  i.  In 
01  a f sen's  *  exhaustive  account  there  is  a  precise  description  of  the 
Surturbranda  of  Bardestrand,  associated  with  which  is  a  bed  of  greyiidi 
slate  divided  into  lamina:  from  3  lines  to  4  an  inch  thick,  and  con- 
taining leaves,  among  which  oak,  birch,  and  willow  were  easily  distin- 
guished. Besides  these  there  were  leaves  as  large  as  the  palm  of 
tile  hand,  which  had  preserved  their  minutest  venation.  The  leave«« 
he  a  ays,  could  with  care  be  removed  entire,  though  as  thin  as  pai>er, 
Nine  other  localities  for  lignite  in  this  region  are  mentioned,  several 
of  which  must  be  worth  investigating. 

[1  caUcd  attention  in  *  Nature,'  August  2,  1883,  to  two  iDstuxicci 
•   VoL  ii  p.  393. 
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where  great  masses  of  relatively  reoeot  lava  debouching  from  moun* 
Uin  Tslleys  on  to  plains  had  produced  a  very  sensible  subsidence, 
leading  to  the  formation  of  extensive  lakes.  In  the  case  of  Thing- 
filla  the  plain  has  sunk  at  least  100  feet,  leaving  perpendicular 
elifb  of  lava  on  the  slopes  at  its  northern  eod,  from  which  the 
eentnd  mass  has  been  torn.  These  may  possibly  throw  some  light 
on  the  formation  of  Lough  Neagh.J 

H<fsAVfK  MaRINB  AKD  FaBSHWATBB  BflDS. 

fiy  far  the  most  important  of  the  sedimentary  deposits  connected 
with  the  basalts  occurs  on  the  coast  7  miles  N.B.  of  Husavik,  in 
N.  bt.  66°  10'.  They  rost  upon  basalt  or  a  basaltic  breccia.  In 
tpprooching  them  from  Uusavik,  the  first  exposure  occurs  in  a 
grassy  cirque,  named  Hringverdhujlft,  or  the  "  little  round  valley." 
The  escarpment  is  about  260  feet  high,  but  slopes  at  an  angle  of  45°, 
Aod  its  base  is  somewhere  about  100  feet  above  the  sea-leveL  The 
foeeiliferous  beds  rest  upon  a  mass  of  greenish  grey  clayey  material, 
succeeded  by  20  feet  of  pale,  more  or  less  laminated  sandstone  with 
pUnt-remains.  These  proved  unfortunately  to  be  all  of  a  rush-like 
nature,  much  macerated  and  utterly  valueless.  Throe  feet  of  lignite 
followed,  and  then  10  feet  more  sandstone  with  similar  plants, 
and  then  four  beds  of  lignite  in  succession,  each  1  foot  thick  and 

Fig.  1. — Cliff'Uetion  on  coast  9  mtUs  NJI.  of  Hutavik^ 


«.  Glacial  deposits.  5.  Ghreeniah-grey  tuffl 

c.  Sindj  olaj  with  broken  sheUfi.         d»  Sandy  daj,  unfoaBiliferons. 

t.  Sandy  day  with  fassila. 

/  Sandy  day  without  fossil?,  with  a  band  of  laminated  sanditone  with 

green  grains. 
$.  Four  bands  with  Cyprina^  the  bottom  layer  with  Actmon  Norn,  and 

Cardium  eekinatum, 
k,  Bands  of  broken  shells,  with  Cyprina,  Act<8on,  and  Cardium. 
i  Continuous  band  of  comminuted  sheila  of  rariable  thickness,  averaee 
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separated  from  each  other,  the  first  from  the  second  by  4  feet  and 
the  others  by  intervals  of  3  feet  each,  of  a  more  compact  marl  of  an 
almost  stony  character.  The  whole  la  capped  by  *S()  feet  of  sandstone 
without  plants.  About  a  mile  further  cast  the  lignites  thin  and  are 
only  four  in  number  and  of  less  uniform  thii^kness.  The  base  is  Btill 
formed  of  j?reenish^  indurated,  sometimes  fermginone^  sandy  clayi 
about  200  feet  thick,  passing  towards  the  west  into  a  basaltic  breccia 
at  its  lower  part.  Tho  lowest  bed  of  lignite  is  IB  inches  ihict,  and 
the  other  three  1  foot  each,  separated  lespcctiTely  by  16,  12,  and 
6  feet,  and  the  uppcnnost  siirmounted  by  14  feet  of  matrijc,  termi- 
nating with  a  coni^Iomcrate  of  rounded  pebbles.  Half  a  mile  beyond 
this,  to  the  east,  the  whole  of  the  lignites  dip  below  the  sea-level. 
A  mile  further  along  the  coast,  at  the  angle  of  a  chine,  is  the  section 
fib  own  in  fig,  1. 

The  fossi  lifer  oil  s  beds  ri&e  inhmd,  and  cannot  be  traced  more  than 
a  few  hundred  yartls  np  tho  chine.  They  are  mneb  faultcd,^one 
fanlt  np  the  chine  had  a  downthrow  of  60  feet, — ^ino«t  of  the  faults 
being  in  a  N.N.E.  direction  or  nearly  parallel  with  the  shore,  pro- 
ducing sometimes  an  apparent  overlying  of  the  shell-beds  by  the 
lignites  (fig.  2). 

Fig.  2.— Frtu?i  cittmtt^  ShiU^heds  to  he  apparently  overlain  h^ 
Lignites ,  n^ar  Hmavik^  Inland. 


4 


a.  Lignites.  A.  Lignitet  concealed  by  d^bria,  e.  Shell-bed«, 

Much  of  tho  matrix,  especially  towards  the  base,  is  exeeediog 
like  our  London  clay.  Tim  shells  occur  in  bands,  and  jiartici] 
species  are  conJned  to  pfirtieular  horizons.  Across  the  chine 
beds  almost  imniediJitely  dip  out  of  sight  (^^  3),  and  are  succecdr*d^ 
by  higher  and  nn  fossil  if  erous  beds*  more  compact  and  indurated,  and  I 
paler  in  colour.     These  are  also  much  faulted- 

I  ceased  to  take  notes  beyond  tho  Capo,  but  I  subsequently  rode  I 
along  the  eoafit  to  the  extreme  point  of  Tjnrnes,  where  I  undeV.*>tood 
li;;;niics  had  been  met  with ;   but  for  ten  miles  the  unfossiliferona  j 
bed  seemed  to  continue  without  any  change. 

I  endeavoured  to  (letermine  some  of  the  species  by  comparison] 
at  the  Jermyn  Street  Museum,  aud  suhraitted  the  list  of  namca 
which  resulted,  aud  the  &|>ecimef]s,  to  Mr.  Hearles  V,  Wood  and 
Dr.  J.Gwyn  Jeffreys,  who  very  kindly  furnished  me  with  the  details] 
embodied  in  the  accompanying  table. 

I)r.  Morch,  in   the  work  referred  to  above,  ^ves  a  list  of 
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ipedes,  at  least  16  of  whiob  are  of  very  doubtful  yalae.  I 
was  unable  to  extract  a  large  fuaiform  shell,  which  was  much 
cracked,  and  in  an  almost  inaccessible  position  ;  but  I  made  a  drawing 
with  measurements,  before  attempting  to  remove  it,  and  saved  the 
greater  part  of  it.    This  can  be  reproduced  when  necessary. 


1 


i 


I 


Chine. 
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I- 
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I- 


Dr.Gwyn  Jeffre5^8  has  some  valuable  remarks  to  make  upon  these 
'<*«w;  bit  as  I  believe  that  further  specimens  have  been  submitted 
^  n»  inspection  from  abroad,  I  trust  he  will  be  induced  to  com- 
nuaicate  a  paper  on  the  subject,  which  I  forbear  in  any  way  to 
forestalL  I  think,  however,  I  should,  for  various  reasons,  be  in- 
clined to  assign  a  greater  age  to  the  deposit,  from  its  general 
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appearance  on  the  epot,  than  Dr.  Gwyn  Jcffrcy6  may  do,  or  even 
than  Mr.  Scarlca  Wood.  The  occurrence  of  the  fauna  of  the  R^ 
Crag,  with  Mcdltarranpan  species,  so  many  degrees  north,  would 
dispose  mo  to  consider  them  as  belonging  to  a  somewhat  wanner 
climate  and  therefore  presnmahly  to  a  rather  eadier  period  than  I 
fihonld  do  if  meeting  with  the  same  nsscmhla'j:e  further  south. 

This  part,  of  the  ooiintry  ia  a  tableland,  with  monotainB  some 
distance  inland,  from  which  lava  fttreame  have  issued  in  relatively 
recenfc  times*  Nearer  Hiisavik  the  clifi's  are  of  basalt  and  volcanic 
breccias,  and  to  the  east  the  plateau  is  composed  of  horizontal 
basalts  with  a  thick  alluvial  eappinp:  of  loam,  ready  to  produce  a 
bed  of  Iritcrite  if  ever  again  overflowed  by  lava  streams* 
"  It  is  impossible,  from  the  coast-section,  in  form  any  just  idea  of 
the  relationship  of  thia  sedimentary  formation  to  the  Tertiar}^  basalts ; 
and  the  determinalion  of  its  preciae  age  cannot,  unfortunately,  at 
p recant  throw  any  light  upon  their  histury,  though  presenting  ft 
problem  of  great  iadependi^nt  interest* 

Coal  is  said  to  occur  near  the  base  of  the  mountains  on  the  opposite 
aide  of  the  bay,  facing  Hnsavik  ;  and  as  these  do  not  preseut  a 
basaltic  contour,  they  might  be  worth  investigation. 

TjARwrs  ("short  laics"). 

About  25  miles  duo  south  of  Akreyri  ia  a  valley  the  aides  of  which, 
about  20DQ  feet  high,  are  composed  of  basalt,  scarcely  intersected 
by  any  dykes.  The  coal  reported  io  be  found  here  proved  to  be 
obsidian.  Tho  rhyolitic  lavas  overlying  the  basalts  form  a  very 
important  sones  at;  this  point. 

Sait&afell  (not  the  Sand  fell  marked  on  maps). 

This  mountain  i.^  situated  about  25  miles  8.  of  the  Skagafjord, 
and  6  miles  abovo  Abaer,  the  nearest  farmhouse,  on  the  river 
Banda*  Tlio  basalt  is  covered  by  a  clay  bed  with  rootlets  a  foot 
thick,  succeeded  by  brown  coal  pnssing  into  lignite,  another  foot, 
and  then  150  feet  of  volcanic  breccia,  with  larj^e  blocks  of  basalt 
imbedded  towarrk  the  base.  There  are  then  30  feet  of  pale  tuflFs, 
and  a  baud  of  pitcbstone  decomposed  into  vertical  necdloH  overlain 
by  pink  and  ivory-coloured  banded  rhyolites,  and  finaUv  bn5alt. 
This  section  is  at  the  angle  of  the  two  v  til  ten  s  formed  by  the  rivens 
Tinnaa  and  Ban  da  *  and,  looking  up  tho  former,  the  pitch  stone  baud 
18  cnnflpjcuoiis  between  the  lighter  ma^tses  for  at  least  a  mile,  being 
on  the  right  hand  at  an  t^evation  of  about  000  feet,  and  at  least  800 
or  900  on  the  left.     Up  the  Banda  the  lignite  thickens  to  3  feet 

Well-preserved  leaves  have  been  obtained  from  the  yellow  toff, 
and  are  now  in  the  University  Sruseum  at  Copenhagen.  Thougb 
1  searched  diligenfly,  I  was  nf>t  fivrtunate  nnough  to  discorer  any 
bed  with  fossils  worth  bringing  away.  At  the  corner  of  the  TinDiiA 
ftre  magnificent  grou])9  of  columnar  ba^'alts,  bent  in  many  direction! » 
and  twice  fanning  out  like  the  elani-shell  cave  at  Staffa.  S>ni0 
fallen  segments  measured  3  and  4  feet  in  diameter.     The  pidtf- 
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eolonred  rbyolites  reappear  in  all  the  mountains  at  a  high  level  as 
far  as  Akre}Ti. 

Hop. 

A  few  miles  south  of  Godalir,  at  the  angle  formed  by  the  first 
tributary  to  that  river  on  its  left  bank,  the  section  has  been  cut 
through  by  the  stream,  and  forms  a  perpendicular  bank  12  feet  high, 
in  which  are  over  twenty  layers  of  lignite  separated  by  gritty  marls 
and  ferruginous  bands,  crowded  with  vegetable  matter,  with  a  soft 
Bandstone  at  base,  similar  in  appearance  to  that  of  Husavik.  At 
12  feet  a  bed  of  lignite  composed  of  compressed  tree-trunks  occurs, 
and  then  another,  3  feet  thick.  The  bank  then  slopes  at  an  angle 
of  30^  for  a  distance  of  60  feet,  still  abounding  in  lignitic  matter, 
when  it  is  concealed  by  the  greatly  overhanging  remnant  of  an  old 
moraine.  On  the  opposite,  or  south  bank,  the  same  beds  are  capped 
by  columnar  basalt.  The  plants  again  proved  to  be  nothing  but 
rush-like  monocotyledonous  debris,  with  seeds,  and  probably  remains 
of  Chara.  The  dip  shown  in  both  exposures  (S.E.  and  N.)  is  9°,  and 
the  formation  is  probably  extensive.  The  diameter  of  the  largest 
compressed  trunk  I  extracted  was  20  inches ;  but  this  did  not  seem 
to  he  the  full  width.  There  were  many  large  trunks  in  the  bed 
of  the  stream,  the  branching  of  which  suggested  willows  of  large 
dimensions. 

In  this  neighbourhood,  about  7  miles  from  Hofsgil,  a  magnificent 
section  of  over  1000  feet  in  depth  can  be  studied  (fig.  4).  It  forms 
the  side  of  one  of  the  wildest  conceivable  gorges  or  canons.  The 
precipitous  and  even  perpendicular  sides  are  composed  of  more  or 
less  columnar  basalts,  separated  by  partings  of  almost  vermilion-red 
earth,  which  has  stained  them  a  reddish  purple.  Where  the  sides 
are  not  perpendicular,  fragments  of  the  old  moraines,  cold  slaty 
grey  in  colour,  cling  to  them,  weathered  into  fantastic  shapes  and 
looking  like  ruined  masonry.  The  torrent  is  just  visible  as  pure 
white  foam  at  the  bottom.  The  section  here  reproduced  is  of  general 
interest  as  showing  the  composition  of  the  ordinary  North  Icelandic 
mountain  from  top  to  bottom.  Its  upper  part,  as  viewed  from 
across  the  gorge,  forms  a  slope  of  from  50*^  to  60^,  and  overhangs  a 
tremendous  precipice,  so  that  it  would  not  be  accessible  without 
great  danger.  It  is  evidently  similar  to  Sandafell,  not  many  miles 
distant ;  and  that  the  black  band  is  really  lignite  is  apparent  from 
my  subsequently  picking  up  pieces  in  the  bed  of  the  river. 

This  gorge  was  evidently  at  one  time  filled  in  solid  with  Boulder- 
day  or  moraine,  and  enormous  masses  of  rolled  stones  are  spread 
over  the  valley  below.  The  stones  have  been  arranged  into  sharply 
defined  terraces.  A  river  entering  from  a  valley  to  the  east  had 
accumulated  an  enormous  mass  of  dbingle,  bef  oro  the  main  river  cut 
its  way  through  and  cut  down  at  least  half  the  area  to  a  level  of 
30  or  40  feet  lower;  after  which  the  rivers  united  and  further 
reduced  it  as  much  again,  affording  an  instructive  example  of  terrace- 
formation. 

A  better  clue  to  the  formation  of  parallel  roads  is  furnished  by  a 
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small  valley,  marked  Pandklettavdtn,  about  lat.  64**  21',  between 
Re}  kholt  and  ThiDgvalla.  It  is  marked  as  a  lake  without  any  outJet ; 
but  in  August  there  was  only  a  little  water  at  one  end,  the  stream 

Fig.  4. —  Cliff  and  Bavine  about  7  miles  from  HofsgUy 
height  about  lOQO  ftet. 


a.  Boulder-clay.  a'.  Boulder-clay  weathered  into  architectural  forms. 

b.  Ba«alt.  b'.  Bai^alt  with  partings  of  bright  red  and  brown  earth. 

c.  Bhyolite.  d.  Sedimentary  rocks,  about  ISO  feet,  chiefly  yellow  and 

drab  sandstones,  with  two  intercalated  bands  of  lignite,  marked  *«. 


connecting  it  with  Ukaviltn  being  also  dry.  The  plain  is  level, 
destitute  of  vegetation,  about  three  miles  long  and  one  broad,  closed 
in  on  three  sides  by  mountains  and  on  the  fourth  by  a  lava-stream. 
Its  shores  are  regularly  terraced  all  round,  the  terraces  being  only 
2  or  3  feet  high.  It  is  evidently  a  shallow  lake  for  a  great  part  of 
the  year,  and  the  terraces  have  some  connexion  with  the  recurring 
formation  and  disappearance  of  a  dam  of  snow  or  ice  at  its  eastern 
extremity. 
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HrbdevItn. 

This  is  a  small  lake  in  western  Iceland,  lafc.  64°  41'.  A  bed  of 
coal  oceors  in  a  romantic  ravine  about  800  feet  above  the  lake,  and 
towards  its  northern  end.  The  coal  is  but  18  inches  thick,  and  is 
immediately  under  a  bed  of  basalt,  with  yellow  tuffs  underneath  it. 
It  reappears  in  a  gully  100  yards  to  the  N.  W.,  with  a  dip  of  about 
16°  to  the  S.  W.  The  section  is  entirely  overgrown  ajid  covered  by 
earth,  and  would  require  much  time  to  uncover ;  but  I  exposed  a 
bed  of  brown  papyraceous  shale,  and  underneath  it  a  short  brittle 
sandy  clay,  with  rootlets  and  vegetable  remains.  Above  the  shale 
tiiere  was  yellow  tuflf;  but  several  hours*  search  brought  forth 
nothing  in  the  shape  of  well-preserved  leaves,  though  they  are 
stated  to  have  been  found  in  the  tuff  at  this  spot.  Another  lignite 
or  coal  bed  is  said  to  occur  four  hours'  ride  to  the  west. 

The  coal  is  used  for  fuel,  but  is  as  costly  to  obtain,  owing  to  its 
inaccessible  position,  as  sea-borne  Scotch  coal. 

Stafholt. 

This  locality  is  a  small  promontory  six  or  seven  miles  south  of 
Hredevfltn,  on  the  banks  of  the  river,  and  nearly  at  the  sea-level. 
The  point  forms  a  low  cliff,  and  does  not  extend  beyond  50  yards. 
The  matrix  is  a  coarse  yellow  brecciated  tuff,  in  which  trees  of 
considerable  length  and  girth  are  imbedded  separately,  and  princi- 
pally on  one  horizon,  only  a  few  feet  above  the  water.  Smaller 
pieces  of  wood  lie  above.  These  trunks  are  partly  in  the  condition 
of  lignite,  and  partly  imperfectly  silicified,  with  their  structure 
beautifully  preserved.     The  deposit  is  much  cut  up  by  dykes. 

Discussion. 

Dr.  OwTN  Jeffrets  said  his  attention  was  called  to  the  Icelandic 
beds  with  fossil  shells  by  Prof.  Steenstrup  at  Copenhagen  in  1869, 
and  further  material  had  been  collected  by  the  late  Dr.  Morch,  to 
whose  memory  as  a  conchologist  the  speaker  offered  his  tribute  of 
admiration.  It  was  remarkable  that  among  the  shells  there  were 
very  few  Arctic  species.  It  reminded  him  of  the  Moel-Tr3faen 
assemblage  of  shells,  among  which  temperate  forms  occurred  in 
great  abundance. 

Prof.  JuDD  stated  that  the  series  of  rhyolites  brought  from  the 
north  of  Iceland  by  the  author  consisted  of  stony  rhyolites, 
exhibiting  banded  sphemlitio  and  perlitic  structure,  passing  into 
pitchstone  and  obsidian.  Some  of  the  rocks  are  vesicular  and  even 
pumiceous,  and  they  are  associated  with  obsidian-  and  pumice-tuffs. 

Mr.  ETHEBineB  bore  testimony  to  the  great  perseverance  shown 
by  the  author  in  working  out  the  Icelandic  and  Irish  beds.  He 
thought  the  collection  of  shells  from  Husavik  was  of  the  most 
interesting  character. 

The  A-TTTHOR  said  that  many  of  the  shells  occur  in  beds  of  about  a 
foot  thick.  The  shelly  beds  are  covered  by  great  thicknesses  of 
stratified  but  unfossiliferous  ashes. 
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14.  The  DaiFT-DEFOsrrs  o/CoLwrif  Bat.     By  T.  Mellabd  Readb^ 
Esq,,  C.E.,  F,G.a     (Read  January  14, 1885.) 

In  a  former  paper'  I  gave  a  eliort  ekcteh  of  the  (irlft  disclosed  in 
the  haliflst-pit  atColwjti-Bay  statioo  ;  and  as  in  f^ebriiary  of  1884 
I  had  an  opportunity  of  extending  my  obscrvationa  over  a  larger 
area,  I  now  propose  to  give  an  nccount  of  thera. 

From  Colwyn  Head  to  llhos  Point  is  a  distance  of  al)out  three 
miloH-  and  all  along  the  shore,  except  where  obscured  by  the  Colwyn- 
Btty  parade  or  grassed  over  by  the  railway  company,  are  to  be  seen 
in  cliSs  excellent  sections  of  the  drift. 

This  drift,  extending  backward  to  the  foot  of  the  hills  which 
sweep  in  a  carve  from  headland  to  headland,  rests  nefirly  wholly  oa 
the  Silurian  roeks,  representatives  of  the  Wenlock  Shale. 

Colwyn  Head  or  Penmaen  Cliffa,  and  Rhoa  Point,  are  dennded 
remnants  of  the  Carhoniferoua  Limestone,  and  near  to  each  of  the^e 
headlauds  the  drift  is  seen  to  rest  directly  on  the  limestone,  there 
being  no  e^po^ure  of  the  underlying  Silurians  anywhere  to  be  i 
in  Cnlwyn  Bay. 


Fig,  1,^— 'Section  just  heynnd  the  Cottage  wist  of  the  Colwtfn-Bay  Iloisl* 


1.  Gfpy  Till,  pnoked  fall  uf  stones,  purtty  Silurian  Slal«  uid  Qrito,  md  Cirbc^ 

niferoui  Lioiwlone. 

2.  Cmim-colourod  Till.        3.  Sand*        4.  Brown  Bouldflr-clflj,        5,  SaiL 

The  surface  of  the  drift  is  remaikahly  level,  excepting  where  it 
gmdually  creeps  up  the  bills.  Most  of  the  house?*  in  Colwyn  Bay 
are  built  apon  it.     It  is  cresceot-shapod  on  plan,  thinning  out  to- 

*  Prirt.  of  N.  W.  of  Eu^ljuid  and  N.  Walea,  part  ii.  QuArt  Journ.  Goal  Boo. 
ToL  xxuxx.  p.  1 1  h 
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wards  the  outward  curye,  which  reete  on  the  hills,  and  thickening 
towards  the  Baj-. 

Fig.  2.— Section  West  of  Jig,  1. 


1.  Bluish-grej  Till ;  and,  2.  Gream-ooloured  Till,  as  in  fig.  1. 
3.  Sand.  4.  Brown  Boulder-clay. 

5.  Finelj  laminated  Boulder-dajr.        6.  Brown  Boulder-clay.        7.  Soil. 

The  drift  may  be  roughly  grouped  into  three  divisions  in  ascend- 
ing order,  as  follows : — 

I,  Bluish-grey  Till  (bed  1,  figs.  1  &  2),  hard  and  tough,  evidently 
eomposed  of  the  combined  grindings  or  decomposed  particles  of  the 
Silurian  and  limestone  rocks,  aod  full  of  striated  slaty  rocks,  lime- 
stone. Carboniferous  grits,  conglomerates,  and  trappean  and  ash 
rocks  common  to  North  Wales. 

This  Till  is  not  visible  between  the  Colwyn-Bay  station  and  the 
road  under  the  railway  from  Old  Colwyn,  but  between  the  latter 
place  and  Colwyn  Head  may  be  seen  a  mixed  grey  and  brown  Till. 
It  may  be  seen  on  the  foreshore  opposite  the  Colwyn-Bay  Hotel, 
and  from  thence  appears  at  various  points,  rising  up  in  bosses  in 
the  cliff  sections  until  we  reach  Khos  village.  It  may  also  be  seen 
on  the  foreshore  opposite  the  cottage  west  of  the  hotel  (fig.  1). 
From  Rhos  point  westward,  to  the  embankment  across  the  marsh, 
it  may  be  traced.  At  one  point  nere,  I  observed  a  very  large  lime- 
stone block  imbedded  in  it.  The  Till  continues  from  the  west  end 
of  the  embankment  to  the  Little  Orme's  Head. 

The  surface  of  the  Till,  which  everywhere,  excepting  on  the  fore- 
shore, is  overlain  by  the  Brown  Boulder- clay,  presently  to  be  de- 
scribed, possesses  an  uneven  denuded  surface,  and  is  in  places 
covered  with  a  cream-coloured  deposit  packed  with  stones,  appa- 
rently the  wash  of  the  Till  below,  one  or  two  feet  thick,  as  the  case 
may  be  (2,  figs.  1  &  2). 

1  looked  for  granite  boulders  in  this  Till ;  but  though  they  were 
not  unfrequent  on  the  foreshore,  1  could  not  find  any  actually 
imbedded,  but  I  had  no  opportunity  of  making  an   exhaustive 
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ox;miinfktion.  It  may,  jU  jJI  r vents,  bo  fiTtrred  that  they  are  not 
cuuiTtioii  ill  it*. 

AL  the  cottiij^e  llL'f^.^e  mt-Htioarc]^,  between  Colwyn-Bay  hotel  and 
Hliaa,  1  Tiotici'd  a  lur^o  jiranite  bonlJer  on  tbe  ^^liore,  full  of  largo 
t'lYslnlii  (tf  IVbpar,  whicli  loukcti  uneiimmonly  like  grey  t^bltp 
j^i'ttTjitf.  TIr'  cryj^talft  of  Klspar  diri  not,  however^  form  protubc?raQt 
knobs,  as  is  oft  in  the  caso  with  boulders  of  Shnp  granite.  It  i& 
proliaiile  that  it  may  be  citluT  Shap  or  Cairns  more  of  Plect  granite  t. 

On  the  fon.shf'rc  oppoHile  the  (/olwyn-Uay  hotel,  the  characler  of 
the  i^tijiiCH  innttiined  in  }]\r  Till  may  be  readily  studied.  They  are 
nmi^tly  ^laU'  ret  k>,  tlitUt^h  in  furm.  and  otten  rounded  rit  tlie  ed;;es. 
The  Till  bein^  of  a  vtry  teniiiious  nature,  the  stont^s  remain  iinnly 
fixed  in  it,  lhou;,^h  their  npper  surFaees  and  slides  are  exposed  by  the 
drnndrition  ot  ibe  waves.  The  striations  are  distinctiy  to  be  sie<?Q 
141  HKist  of  tlu"  atones,  thon^xh  d^mblless  partly  effaced  by  the  attri- 
tion of  other  botdders  niid  shingle  moved  by  the  sea. 

It  in  really  reniurloilde  how  ihey  retain  their  ice-markings  mitler 
tliti  firenmstances.  1  looked  for  signs  of  striated  pavement-;?,  but 
eiaild  not  iind  any  i  tlie  bnuldeiK  are  fixed  in  the  elay  at  differeat 
riiii^les,  and  the  stones  do  not  show  Ktriationa  in  a  parallel  and  uni- 
iorm  flireeti^in. 

2,  Lmv-f*  t^cf  Bi^fthhr-rhnf  nn^l  Samh  (beds  \^  &  4,  fi^,  1 ;  &  3,  4, 
5,  &  0,  lig,  21— The  Chester  and  Holyhead  Kiulway  runs  flloiig 
the  top  of  tlio  drift  ncur  to  the  edge  of  the  el  iff,  ^o  that  in  pluees 
the  raihvay  cunvpariy  have  nuido  ^vvhat  formerly  waa  cliff  into 
railw  ay-ban  k»  by  slojiioi:  and  grossing  it  over.  For  this  reajon 
it  \^  ditHeult  to  f^ee  what  the  bank  ia  composed  of  near  Ckil^ryti- 
liay  station^  but  it  appears  to  nie  to  be  a  continuation  of  the 
grtivel^  shingle t  i^arid,  anil  day  beds  seen  in  tlie  balli*st-pit. 

If  tills  be  so^  it  gnidually  idianfie.s  into  the  Low-lcvcl  Botildcr- 
eluy  and  snnds  whirh  overliu  the  Bhie  Till  over  the  whole  of  the 
area  deperibed  in  this  pnpen 

Thits  Low-level  Eoulder-elay  ^md  sands  in  evidently  a  marine 
dt'jKihit,  and  contains  j^hell  fragment.^.  There  are  very  few  boulders 
in  it ;  but  in  jdaees  a  great  many  beds  of  shingle  and  gravel,  which 
are,  hoivever^  best  displayed  in  the  inhind  excavatiowB,  and  at  the 
sides  of  the  brooks  wlvtth  run  from  the  hills  through  the  drift  and 
iieross  the  raihviiy  to  the  bay. 

The  clay  ia  brown  and  decidedly  sandy,  and  the  aand-heds,  often 
dis-^dayini,'  current  bedding,  are  well  developed,  and  form  an  im- 
portant feature  in  the  drift.  1  believe  most  of  the  erratics  on  the 
shore  come  from  thi^  beih  Among  the  looae  shingle  on  the  ehoTfi 
are  to  be  observed  mimy  Egkdale  and  grey  Scotch  granites,  which  m 
doubt  have  origin  oily  been  derived  from  this  group  of  beds. 

fuland  Sfttwm^ — ^ Inland  on  the  north  side  of  the  road,  behind 
the  Hydropathic  Establishment,  ia  a  large  brick-pit  in  this  cky»  Wid 

*  Mr.  Mttckintoeh  says  he  "  dug  out  of  the  blue  ol&j  two  pebbles  of  Esidald 
granite."    "Age  of  Floating  Ice  in  North  Wales,"  see  Geol.  Mag.  1^72,  p.  16. 

t  See  *•  Notes  on  Rock-fragment*  from  the  South  of  Scotland,"  Quart  Joam. 
Geol.  Soc  Yol  xl.  pp.  270-272. 
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there  are  aUo  others  near  the  Board  Schools  on  the  road  to  Llan- 
drillo-yn-rhos.  Nearer  Colwyn-Bay  Wesleyan  Chapel,  on  the  same 
road,  is  a  sand-pit.  I  believe  the  beds  of  clay  and  sand  are  discon- 
tinuoas,  and  occapy  the  surface  without  any  particular  order. 

3.  Rearranged  Gravels. — A  good  deal  of  the  drift  surface,  especially 
about  Colwyn-Bay  village  and  in  the  neighbourhood  of  the  sever^ 
brooks  before  mentioned,  shows  evidence  of  having  been  subaerially 
redistributed.  It  is  difficult  to  draw  a  fine  line  between  these 
gravels  and  those  undoubtedly  belonging  to  the  drift,  especially  as 
the  surface-deposits  had  doubtless  been  previously  rearranged  or 
deposited  during  the  emergence  of  the  land  from  the  great  submer- 
sioQ.  At  the  new  station  at  Old  Colwyn,  which  was  being  built 
daring  my  examinations,  the  excavations  showed  a  shaly  gravel 
occupying  the  surface. 

JMuvium, — A  deposit  of  marsh  clay  is  to  be  seen  on  either  side 
of  the  embankment  between  Khos  and  the  Little  Orme's  Head.  It 
is  only  a  few  feet  thick,  and  rests  upon  a  few  inches  of  peat, 
which  again  rests  on  the  '*  brown  Boulder-clay."  The  surface  of 
the  Low-level  Boulder-day  is  at  its  minimum  elevation  at  these 
points.  I  was  unable  to  measure  the  heights  of  the  cliffs,  but  I 
should  judge  that  the  railway  was  at  an  average  level  of  about  40  feet 
above  the  shore  of  Colwyn  Bay.  Towards  Rhos  the  surface-level  of 
the  drift  declines  to  near  the  shore-level.  Beyond  the  embankment 
towards  the  Little  Ormo's  Head  it  rises  again  to  a  considerable 
height. 

Denudation. — The  sea  has  evidently  cut  into  and  washed  away  a 
great  deal  of  the  drift,  hence  the  formation  of  the  cliffs.  The 
**  Dingle  "  at  Colwyn  Bay,  and  the  valley  or  gully  in  which  runs 
the  brook  from  Old  Colwyn,  are  very  deep  narrow  cuts  in  the  drift. 
I  attribute  their  depth  and  comparative  narrowness  to  the  geolo- 
gical recency  of  the  denudation  of  the  coast,  which  has  brought  the 
**  base  level  of  erosion  "  nearer  to  the  hills,  and  so,  by  quickening  the 
grade  of  the  streams,  has  enabled  them  to  do  more  work  vertically 
than  horizontally. 

Conclusion. 

It  now  remains  to  consider  what  light  the  foregoing  facts  throw 
upon  the  difficult  question  of  Glacial  geology. 

In  the  first  place  I  may  observe  that  in  few  sections  is  to  be 
Been  so  clear  a  line  of  demarcation  between  two  beds  of  drift  as 
exists  here  between  the  grey  Till  and  the  brown  Boulder-clay. 
This  arises  from  the  fact  that  the  clearly  marine  "  liOw-level 
Boulder-clay,"  and  the  typical  "Till**  are  in  juxtaposition  over  a 
comparatively  large  area.  "Till"  is  evidently  a  deposit  the 
materials  of  which  generaUy  have  not  travelled  so  far  as  those  of 
the  Low-level  Boulder-day.  It  is  here,  as  elsewhere,  largely,  if 
not  altogether,  made  up  from  the  local  rocks,  the  slates,  shales, 
and  limestones,  and  it  is  no  doubt  the  great  quantity  of  carbonate 
of  hme  in  it  that  makes  it  set  so  hard.  At  Penmaenmawr,  to  the 
west  of  Colwyn  Bay,  and  out  of  the  limestone  district,  I  had  an 
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opportranity  of  examininof  in  the  foundations  of  the  Britisli  Sdbooli, 
of  whiijili  1  happened  to  be  the  architect,  the  Till  lyin^  on  the  hill- 
side. Her©  and  all  about  PenmaenmiiwT,  aft-er  gettinj^  below  the 
surface-affected  portion,  it  was  a  hard  grey  Till  full  of  largo 
boulders  and  etones  which  were  g^enoraOy  more  or  leas  rounded  aud 
wafcerwom*  I  noticed  one  slightly  atriatcsd.  These  atones  were  so 
large  and  firmly  iin}»odd(*d  that  they  were  used  in  some  oadoe  for 
the  foundations,  hein^  built  into  the  walls  without  removaL  The 
Till  at  Colwyn  Bay  is  bluer,  more  clayey,  and  of  a  finer  texture, 
and  contains  not  nearly  so  many  largo  boulders,  though  the  total 
bulk  of  the  stones  in  it  may  not  he  very  disaimilar.  According  to 
my  experience,  true  Till  is  rarely,  if  ever,  found  except  in  the 
neighbourhood  of  mountains  or  quickly  slopiuf^  ground,  Td  the 
present  iiistance,  I  am  inclined  to  hclievo  that  it  hsis  been  formed 
by  ice  and  snow  desceudiiig  from  the  mountains  and  accumulating 
the  disintegrated  matter  at  the  foot.  It  does  not  appear  to  be  the 
ground-moraine  of  a  hill-and-valley-ignoring  ice-fllicet,  as  the  con- 
tained stones  lack  the  doflniteness  of  direction  one  would  exi>ect  to 
result  from  such  an  agency.  It  is  better  to  admit  that  wo  are 
largely  ignorant  of  the  varions  modes  in  which  land^icc  acts — its 
effects,  with  our  limited  knowledge,  belonging  more  to  speculation 
and  theory  than  to  fact. 

Bo  this  as  it  raaj,  when  we  eorao  to  the  overlying  deposit  of 
brown  Boulder-clay,  no  such  difficulties  occur.  It  is  undout>tedly 
an  aqueous-marine  deposit,  and  part  of  the  extensive  sheet  of  L«>w- 
level  Boulder-clay  and  sands  which  occupies  all  the  plains  of  the 
North  of  England,  from  the  margin  of  the  mountaius  to  the  coasts 
of  the  Irish  8ca,  and,  skirting  the  coast  of  Wale?,  here  and  there 
intrudes  upon  the  lower  valleys.  With  the  exception  of  the  portion 
of  this  deposit  which  approaches  tlio  limestone  head  hinds,  where  it 
is  mixed  with  the  detritus  therefrom,  the  extensive  sheet  of  drift, 
which  I  have  described  as  lying  in  Colwyn  Bay,  is  composed  to  a 
liirge  extxjnt  of  travelled  materids.  The  sands  and  clays  of  which 
it  is  composed  are  not  what  the  immerliate  coast  or  mountains  could 
yield.  It  is^  in  fact,  a  deposit  almost  identical  with  the  sandier  of 
the  Boalder-claya  near  Liverpool,  which  are  composed  principally  of 
Triassic  debris,  mixed  with  travelled  and  striated  rocks.  I  have  pre- 
viously stated  '*  The  sands  and  clays  of  Colwyn  are  evidertly  derived 
from  the  Triassic  rocks  of  the  Vale  of  Clwyd  *'  *.  This  further  aod 
more  careful  examination  over  a  large  area  has  con  finned  me  in  this 
opinion.  Four  and  ii  half  miles  east  of  Old  Colwyn,  the  Triassio 
sandstones  set  in  and  extend  eastwards  a  distance  of  nine  miles 
across  the  month  of  the  Vale  of  Clwyd.  Itost  probably  these 
rocks  also  extend  seawards.  The  materials  of  which  the  bulk  of 
the  Colwyn  drift  is  composed »  has  in  the  first  place  probably  been 
worn  off  the  Triassio  sandstone  by  subaerial  agencies,  including 
under  that  head  ice  and  frost,  and  has  worked  gradually  down  the 
valluy,  it  may  be,  to  the  plains  now  occnpied  by  the  Irish  Sea.     On 

*  Quart  Journ.  Gheol.  Soo.  toL  xx&ix.  p.  llfiw 
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the  ip-adual  submei^gence  of  the  land,  this  material  lying  in  the  Vale 
of  Clwyd,  reinforced  by  other  material  continually  being  worn  off 
the  rocks,  and  working  seawards,  has  wa»hed  round  the  coast 
towards  the  Little  Orme's  Head,  and  become  mixed  with  other 
material  washed  up  from  the  sea-bed  and  with  argillaceous  matter 
from  the  underlying  Till.  No  ice-sheet  will  account  for  this  drift. 
It  is  evidently  a  marine  drift.  The  Eskdale-granite  boulders  which 
it  contains  must  have  travelled  to  where  they  lie  by  floating  ice ; 
for  many  of  the  boulders  have  come  from  the  north,  while  the  sands 
have  been  derived  from  the  east  At  all  events,  if  this  be  not  a 
true  explanation,  all  the  complicated  machinery  of  at  least  two  ice- 
Bbeets  will  have  to  be  invoked.  This  appears  to  me  to  be  un- 
necessary, especially  as  it  would  not  explain  the  structure  of  the 
drift,  which  bears  internal  evidence  of  aqueous  deposition. 


DiSCUSSIOK. 

Mr.  W.  W.  Smtth  remarked  on  the  interest  of  this  paper,  as 
these  beds  of  Colwyn  Bay  are  evidently  connected  with  the  diiffc- 
deposits  of  the  Vale  of  Clwyd,  proved  to  be  of  great  thickness  in 
coal-borings  at  Rhyl.  On  the  other  hand,  the  classic  deposits  of 
lloel  Tryfaen  might  also  be  connected  with  the  same  deposits. 

Dr.  Hjndb  pointed  out  that  Till,  undistinguishable  from  that 
in  Wales,  covers  extensive  areas  in  North  America,  far  away  from 
any  mountains,  and  that  consequently  these  are  not  essential  to  its 
formation. 

Mr.  Whitakeb  bore  witness  to  the  great  care  with  which 
Mr.  Reade  worked  out  his  results  by  tracing  the  region  from  which 
the  different  stones  came.  He  himself  hardly  understood  the  dif- 
ference between  Till  and  Boulder-clay. 

Dr.  Hicks  said  that  in  the  Vale  of  Clwyd  we  have  three  stages : 
— local  deposits  of  gravel,  marine  sands,  and  widespread  Boulder- 
day.  He  thought  that  the  Boulder-clay  was  formed  by  a  mixture 
of  local  materials  and  ice-borne  blocks. 

Mr.  ToPLET  pointed  out  that  the  main  interest  attaching  to  the 
paper  arose  from  the  care  with  which  the  section  had  been  recorded 
and  the  origin  of  the  different  materials  traced.  The  succession  of 
beds  described  was  that  generally  to  be  seen  in  the  North  of  Eng- 
land, where  the  drifts-deposits  are  well  developed.  In  Northumber- 
land and  Durham  the  middle  sands  usually  occur  in  greatest  force 
near  the  old  preglacial  valleys. 

Prof.  JuDn,  in  the  absence  of  the  author,  further  explained  his 
views  as  to  the  distinction,  character,  and  relations  of  the  Till  and 
Bouldei^clay  of  the  district. 
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I 
lil,   Nott;8    oj/    Si'Krii:s   fif   VuwA.uihtux  and  TuAM^flsCus  from  lA^  ' 

LowKH  SiLuniAN  Rai.K^  hear  WLhsui'ijut,,  Wales.  By  Qmuat 
It ( I II I : F, r  X I X n ,  ]\<i I .  Co m m u n i c ut vd  by  l*r o f.  1*.  M artiu  IkueiUj 
FJLS..  F.C.S.     tltt^ti<l  Duct-mber  17,  1884,) 

^fiu  G.  Vi'.  Shr]iVfsolr\  in  a  jiHper  "-' On  the  Oi^currenco  of  a  new 
Spociu^  of  Phf^ili^pfim  iJi  tliti  Prrmiati  Liiuestouc*'*,  rrrmarki^  UijU 
*'the  greoiis  Phtfllopiirti  hiis  as  yet  been  but  iiir perfectly  worked;  iU 
rarity  in  the  more  retent  imd  itd  imperroet  preservation  in  the  Met 
rncks  gti  far  to  account  fur  this.  .  -  »  .  In  thi!  Lower  iSilurian  twkA 
Phitllojhtrif  is  most  ahuniLmt,  Tliere  arc  M  least  two  distinct  species, 
if  nr^t  mure.  The  pn\^(^rvatioii  of  the  remaitis  in  these  beda  is  laait 
urifji^'oi^nilile  hir  exarl  \vurk,  ociurrinj^,  aa  thoy  often  do,  in  coai^ 
a-.li  or  shulo,  find  distorted  hy  tlcavaife/' 

In  tlie  erdlcL'tion  of  the  Seliool  of  Mines  there  were t  scTeml 
spf?f  imens  of  f^htfUoporu  ciitalogm^J  nnd  labelled  as  8UcK  which  1 
wjif^  uUowed  to  examine  when  eulli'ctini^  materia!  fur  mj  Second 
Brilish  AH!*<xialion  Hoiiorl  on  Fossil  Polyzoju  The  spcciraons  frnin 
tlie  Lower  Lliindtilo  rocks  iiro  the  common  forms,  generally 
(InsignntiHl  llt'ft^pma  by  early  authors.  Une  flpecimen  is  in  the 
Wyjitt-Etl^ell  (allectiun,  and  we  have  only  the  reverse  asjicct  of  the 
form  ;  but  in  places  where  the  bnmchcs  are  worn  the  ccUs  can  be 
seen,  not  auffieiontly,  however,  to  onal)le  us  to  make  out  thoir  chji- 
ricter.  Tlie  fern's tru?  arc  oval  or  irregular,  branehea  ajiastomtwiag, 
con Tsr  f ] u I ' n 1 1  y  wi I  h 1 1 u  t  di  s sepi m en ts , 

In  the  (.'urn doc  .series  of  fossils  of  the  same  collection^  scTeral 
Bpeeimcni?  are  lalicllcd,  and  al^o  catalogued,  as  Phtfll&p&ra  //win^m, 
M*Coy,  and  one,  beh>nging  to  the  Wyatt-EdffcJl  collDction,  is  cdta- 
lo|;iicd  as  P.  ottidkt,  518.  (icncraUy  speaking,  all  these  forms  are  verj 
indistinct  or  iJl-preserrcd.  In  a  tiox  with  one  apet-imen  (y\  Caie  V) 
labelled  Pinflhipora  ?  Ifisiwftri^  ALGoy,  a  small  portion  of  the 
zoarium  of  luhfmra  ielhfh*m^  Li  lino,  is  placed  for  the  purpose  of 
eomparison.  The  Lower  Silariaii  fossil  m  from  Hobeston  Wathcn, 
Tcmbrokrshire.  1  have  several  siH3ciEiens  of  P.  Ilisinfjeri^  M'Coy, 
in  my  cabinet ;  for  it  u  the  most  common  of  all  the  forms  fouid  in 
Ihe  Caradoe  or  Kda  beds  ;  but  it  is  only  by  careful  manipulation^  and 
adjustment  of  light,  that  the  cell-struLtures  of  those  Sf^edes  can  W 
made  out ;  and  even  then  not  much  depcmdence  can  be  placed  ori  tl»c 
diagnoaiia.  In  the  Lower  Llandovery  beds  one  specimen  i*  Eiarktd 
and  catalogued  {op.  eit\  p.  *i4)  as  PhifUopm^a^  sp.  Besides  iht-ae  1 
havo  lio  other  knowbdj^'e  of  species  of  tho  genus  found  in  the 
Lower  Silurian  rocks  in  Britain  sufficiently  characteristic  to  be 
individualized. 

In  the  beginning  of  August,  1884,  Mr.  J.  B.  Morgan,  of  Welshpool, 

*  Quart.  Joum.  Geol.  Soo.  toI.  xxxriii.  pp.  347,  348. 
t  In  1881.    See  Catalogue  of  Mua.  Praot.  Geol.,  Cambrian  and  Silunao 
foflsiU,  1878. 
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sent  some  fossils  to  Professor  Lapworth  for  identification.  Amongst 
them  were  some  Polyzoa.  These  Professor  Lapworth  asked  Mr. 
Morgan  to  send  to  me,  and  their  study  has  enabled  me  to  throw  a 
little  light  on  essentially  characteristic  features  of  at  least  one  Lower 
Silurian  species  of  PhyUopora.  This  is  clearly  not  the  F,  HisingeH 
of  authors,  and  I  shall  be  compelled,  much  against  my  wish,  to 
characterize  it  as  new. 

Fig.  1. — Portions  of  Phyllopora  tumida,  «p«  w» 
(Enlarged  6  diameters.) 


A.  Poriferom  surface. 

B.  Interior  of  non-oelluliferous  face. 


1.  Phyllopora.  TinaDA,  sp.  n.     Fig.  1. 

Zoarium  an  open  net-work  of  undulating  branches;  base  and 
general  dimensions  of  zoarium  unknown,  branches  anastomosing, 
apparently  thick,  occasionally  tumid,  and  varying  in  breadth  from 
one  tenth  to  one  twelfth  of  an  inch.  Fenestrules  oval  or  irregular, 
sometimes  less,  but  occasionally  rather  longer  than  the  breadth  of 
the  branches.  Zooecia  tubular,  short  or  stunted,  cell-mouths  circular, 
prominent,  with  a  rather  thick  peristome,  from  four  to  five  arranged 
diagonally  in  the  branch.  Reverse,  on  account  of  the  peculiarity 
of  its  preservation,  indistinct. 

Horizon  and  Locality,    Caradoc  beds  ;  Wem-y-seadog,  Llanfyllin. 

Cabinet.     J.  B.  Morgan,  Esq.,  Welshpool ;  2  specimens. 

I  have  been  fairly  successful  in  drawing  a  portion  of  two  branches, 
on  which  the  cell-characters  are  pretty  distinct.  The  specimen 
from  which  the  drawing  is  made  is  rather  more  than  half  un  inch 
square  ;  it  contains,  about  twenty-three  perfect  and  imperfect 
fenestrules,  and  nearly  the  whole  of  the  branches  are  more  or  less 
covered  with  cell-apertures  (fig.  1,a).  In  places  where  the  cells  are 
worn  the  tubular  prolongations  are  seen,  and,  judging  from  the 
peculiarities  of  the  form,  I  should  not  imagine  that  the  branches  are 

Q.J.G.8.  No.  162.  K        ^  y 
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thick.  In  places  where  the  whole  of  the  cells  are  worn  off,  their 
former  localization  is  indicated  hy  iravy  outhnes,  as  shown  in 
fig.  1,  B  i  but  I  eimnot  trace  any  other  sj*ecial  character  of  thereveiw 
tiian  this.  With  the  exception  of  the  prominent  lips  of  the  cells  of 
the  lepecies,  nearly  the  whole  of  the  original  orgiuiic  matter  of  both 
epejcimens  is  replaced  by  iron  oxide ;  consequently  the  once  Hving 
form  now  appears  upon  the  shale  as  a  dark  brown  friable  mam. 
Becanso  of  this,  1  am  unable  to  fill  in  all  the  details  that  are  necessary 
for  the  full  study  of  Lower  Silurian  species.  It  is  to  be  hoped, 
however,  that  the  pubh cation  of  these  brief  not^ja  may  be  the  means 
of  bringing  to  the  front  other  fossils  with  the  poriferous  face 
exposed,  rare  though  they  may  be. 

Prof.  H,  A.  Nicholson  haa'  described  one  species  of  PhyUopara 
from  the  Trenton  Limestone,  Peterborough,  Outario*,  and  as  the 
Trenton  Limestone  is  of,  or  about,  the  eame  ago  as  our  Curadoc 
heds^  the  8[>ecie8  is  interesting  for  the  sake  of  comparison.  The 
Ontario  form  is  named  Betqwra  trentonensis^  Nich.,  and  the  fussil 
was  only  known  tu  the  author  *'by  several  more  or  less  im|>crfect 
specimens,  from  which  some  of  the  essential  characters  cannot  be 
determined,'*  There  is  no  possibiUty  of  uniting  the  two  forms  nnder 
one  ispecific  name,  because,  even  from  the  characters  which  Prof. 
Kicholson  was  able  te  draw  up  from  the  best  of  his  specimens,  there 
are  many  differences  between  them,  as  a  comparison  of  the  two 
descriptions  will  show.  The  Ontario  specimens  are  better  preserrfd 
than  ours,  and  we  leani  from  the  descripti*>n  that  the  **  reverse 
aspect  is  strongly  striated  with  wavy  or  straight  longitudinal  BlriiE.*' 
In  the  Caradoc  species  I  cannot  trace  any  other  character  of  the 
reverse  aspect  than  that  already  given, 

Ifr.  E.  0,  tJlrich  describes  t  and  figures  one  species  of  PhyJhpara 
in  bis  series  of  papers  on  **  American  Pala?nzoic  Bryozoa."  Tlus  be 
names  /',  imriolatay  VIt,^  but  he  says  **  the  genus  is  represented  by 
two  species  in  tho  Cincinnati  rocks,  P,  rariolata  and  another 
which  I  believe  is  the  same  form  that  was  de-^cribed  by  Miller  and 
ByerJ  under  the  name  of  Intricaria  chthraUt'^  The  species  fonnd 
in  our  British  rocks  is  related  to,  but  not  identical  with.  Mr.  Ulrich'i. 
In  his  species  the  ^'  cell-apertures  are  arranged  either  in  two  serif* 
or  three  alternating  rows;  intercclhilar  spaces  thin,  raised  into 
small  nodes  where  longer:  about  fourteen  cell-apeitTires  tKJCupy  the 
space  of '1  inch.     Branches  on  non-celluliferous  side  smooth.''* 

Lm-aiiUf.  Cincinnati,  Ohio,  in  strata  from  150  to  S25  feet  aboTd 
low- water  mark,  in  the  Ohio  river. 

There  is  another  fossil  in  Mr,  Morgan's  collection  that  merit* 
distinction  and  description,  not  more  on  account^^  of  ita  ptM^uliarly 
antique  character  than  on  account  of  its  mode  of  preserrotion  io 
the  volcanic  ash  in  which  it  is  imbedded. 

*  New  Palicoxoio  PoIvxa&.  CIpoJ.  Mog .  Deo,  2.  vol.  li,  p.  2»  f.  4.  4  &. 
t  Journal  Cnwin.  .Soc.  Nat.  Ilist.  Get.  18-^2,  p.  ItW.  pJ.  vi.  L  14. 
I  Contribulions  to  PuJasuntt^logy,  oo.  2,  1878, 
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Fig,  2. — ^Thamnisciis  antiquus,  gp.  n. 


Ill 


A.  The  Bpecimen,  enlarged  2  diameters, 

B,  0,  D.  Details  more  highly  magnified. 

2.  Thamnibcttb  AHnauus,  sp.  n.    Pig.  2. 

Zoarium  apparently  springing  from  a  root-like  base,  strong  and 
thick  towards  the  bottom,  where  several  root-branches  appear  to  be 
united,  more  delicate  towards  the  younger  or  growing  portion  of 
the  zoarium.  Branches  frequently  dichotomising,  free.  Zocecia 
tabular,  shown  on  one  side  only  of  the  branch.  Tubular  cells  not 
oontiguonSy  rather  broad  at  the  openings,  gradually  thinning  out 
towards  the  axial  region  of  the  zoarium :  cell-mouths,  so  far  as  I 
can  make  out,  rather  elongated,  peristomes  not  prominent,  reverse 
striated? 

Formation.  Imbedded  in  volcanic  ash,  probably  of  the  age  of 
the  Bala  rocks. 

Locality,  Middleton  Hill,  near  Welshpool. 

Cabinet.  J.  B.  Morgan,  Esq.,  Welshpool ;  one  specimen. 

This  beautiful  specimen,  which  I  have  drawn  magnified  about 
four  diameters,  is  buried  in  volcanic  ash,  which  is  so  friable  that  it 
breaks  away  with  the  least  touch.  It  is  very  certain  that  it  is  the 
reverse  surface  that  is  exposed ;  but  towards  the  bottom  the  thick- 
ened branch  is  broken  away,  and  the  cells  are  exposed.  The 
appearance  of  the  branch  at  this  part  is  shown  in  fig.  2,  b; 
but  when  more  highly  magnified  the  arrangement. of  the  cells  is 
seen  to  be  pretty  regular,  and  is  shown  in  fig.  2,  c.  By  extracting  a 
minute  fragment  of  the  specimen  from  the  matrix,  I  have  been  able 
to  expose  the  poriferous  surface,  and  this  is  shown  in  fig.  2,  d. 
So  far  as  I  am  able  to  judge  by  carefully  manipulating  this  delicate 
fossil,  I  can  almost  confidently  assert  that  the  species  now  described 
differs  considerably  from  the  species  previously  described  by  myself* 


*  Quart.  Joum.  Geol.  See.  toI.  xxzriii.  p.  60. 
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and  by  Xfr.  Shrubsole  *'  aa   Tkamniscus  crassas^  from  the  Wenlock 
Sbalofl  and  Dudley  Limestone. 

Eefemng  again  to  Prof.  Nicbolson's  paper  on  "New  Pala?o3toic 
Polyzoa**  (op.  cit,)^  I  wish  to  draw  attention  to  two  of  hie  figures, 
becanae  these  have  Bome  rescml dance  to  the  present  spi?cies*  Uf 
figs.  3  and  3  « in  pL  ii.  the  author  siiya  (explanation  of  pL  op.  at.  p. 5), 
"  Fig,  3,^ — Ffjiesklla  David$(xm^  a  small  portion  of  the  non-porifer^:pU3 
Bide  of  the  natural  size.  Fig.  3  «.— Portion  of  the  same  enlarged.*' 
Both  these  figures  appear  to  rae  to  be  portions  of  a  free-bran chmg 
Thamnisvm,  There  are  no  fenestrules  or  dissepiments.  Figs.  3  b 
and  3  c  of  the  same  plate,  *'  portions  of  the  poriferous  side  of  another 
specimen  **  (Nieb,),  belong,  so  far  a;*  1  can  judge  from  the  figures, 
to  a  different  speeie^.apparently  a  true  FencsfeHa,  I  know  Praf. 
Nichobon  will  receiye  my  remarks  in  the  spirit  in  whieh  they  ar© 
offered  ;  my  only  desire  in  criticizing  hh  labours  ir*  to  brinir  out  all 
the  information  that  is  possible  in  describing  forms  still  older  thiin, 
but  apparently  generically  related  to,  the  Hamiltoii  species  described 
as  Fenestdia  /Javnl^otu  by  Nicholson. 


Eange  of  Lower-BiliiriaTi  PhijlhporcB. 

\.  Ffiijlhporan    Lower  Llandcilo,     Cat.  p.  20t, 
2.  Hiungerij  M'^Coy.     Caradoc.     Cat.  p.  44, 


From  sc^ctaI 


localities. 

3,  ornata,  ifS.  ( Wyatt^Edgell ).    Caradoc,     Cat.  p.  44* 

4.  tmnidfiy  ViuG.     Caradoc  (fig,  1,  above), 

6.  variolaitt,  Ulrich,     Cinciauati  Group. 

6.   claihrnia,  Miller  and  Dyer,     Cincinnati  Group, 

7-  ' lirenfomn^ls.  Nicholson.     Trenton,  L.  Ontario, 

8.  sp.,  Lower  Dan  do  very.  Cat.  p.  64. 

I  give  the  whole  of  the  forraa  known  to  me ;  but  I  would  advia© 
the  examination  espooially  of  those  numbered  1,  3,  and  8,  in  tbe 
above  list.  The  Upper  SiliLrian  Phtflhtportt  merit  full  description 
and  illustration  ;  but  unhappily  the  really  good  specimens  are  wot  in 
my  keeping,  although  amjile  material  is  in  exist^ence  in  the  cAbiii6t0 
of  others  for  the  purpose  suggested* 


Lower  and  Upper  Silurian  TnAMNTscmJs. 

1,  ThamnJscus  (infifpim.  Vine.    Age?,  Bala  beds  (fig.  2,  above). 

2. 

3, 

4, 

6. 


craitHMJif  Lonsdale.   Wenlotk  Shale,  Dudley  Limestone* 

vnriofata^  Hall.     Lower  Heldcrbergi, 

njfmj  Hall.     L<iwer  lleiderberg. 

ntfK^,  variety,  Hall.     Lower  Helderbeig. 

— —  fruticdJa,  Hall,     Lower  llelderberg. 
— —  ?  cisseu^  Hall,     Lower  Heldcrborg. 


*  Quart.  Juum.  Gool.  Soe.  vol.  xxxTiiL  p.  *i44. 
t  Mas.  Pnita.  Gcul,  Cat^Ii>|^ike.     Jijihirian  tb9#ilH,  1878. 
t  CoraU  and  ITry.*2oiiTia  of  the  Lower-Hclderbcrg  group,  by  Jumea  HalL 
Albany,  1880,  pp.  3;  &  m. 


Digitized  by  VjOOQ IC 


LOWER  BILITRIAN  ROCKS  KEAR  WELSHPOOL,  WALES.  113 

NoU  on  LioHEKOPORA  PAirciPORA,  Vine.    (Quart.  Joum.  Geol.  Soo. 
vol.  xl.  p.  853.) 

Immediately  after  the  publication  of  my  **  Notes  on  Cretaceous 
lichenoporidae,"  Mr.  Thomas  Jesson,  F.G.S.,  of  Pulborough,  wrote 
me  respecting  L.  paucipora.  Vine.  Mr.  Jesson  says  that  it  was  he 
who  forwarded  to  Prof.  Duncan  the  specimens  described,  and  that 
the  fossils  were  found  in  washings  from  the  coprolite-bed  near 
Cambridge.  In  all  probability  Prof.  Duncan  had  mislaid  Mr. 
Jesson's  letter  sent  in  with  the  fossils,  and  I  am  glad  to  be  able  to 
add  the  locality  to  the  description  of  the  species. 


Discussion. 

Br.  HiKDE  remarked  that  it  was  impossible  to  discuss  the  con- 
tenta  of  such  a  paper  as  this  without  having  either  specimens  or 
good  figures  to  refer  to,  and  he  protested  against  descriptive  pal8&- 
ontological  papers  being  read  before  the  Society  without  such 
adjuncts. 

The  Chairm AK  (Mr.  Camithers)  agreed  with  Dr.  Hinde  that  it 
was  very  desirable  that  specimens  should  be  exhibited  if  possible, 
but  at  the  same  time  it  seemed  to  him  that  the  present  paper  had 
been  carefully  drawn  up  and  would  prove  usefuL 
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1»».  J7ir  Boinj>ER-CLATB  of  T^iiT£?oLyBHiBE.  I^Hr  Gbocbafhjcal 
Eabge  a«(i  Rej.atitr  Age,  Bj  A.  J.  JiTEXft-Bnowini,  Esq^ 
B.A,,  F.GA    (Read  January  2S,  1B85.) 

(Oommtintcated  bj  penniision  of  Ifae  Director-Gcnerml  of  Ibe  GMkbgini 
Surrey.) 

Inirodnction. 

WuEw  1  commenced  the  survey  of  Eaet  lincolu shire,  in  1877,  the 
only  connected  account  of  the  Boulder- clay  was  to  be  found  in  tbc 
well-known  paper  hy  Messrs  Wood  and  Rome*;  and  up  to  187 &, 
when  I  wrote  a  paper  **  On  the  Southerly  Extension  of  the  Hesale 
Bonlder-elay  in  Lincolnshire  ^*  f,  I  eaw  no  reason  for  doubting  the 
propriety  of  their  cla^saifi cation. 

The  mapping  of  these  clays  hy  myself  and  colleB|5nefl  during  the 
subsequent  progress  of  the  Survey  bns,  however,  brought  to  ligbt 
many  facts  which  were  unknown  to  Mr.  Searles  Wood,  and  has  Iwl 
U8  to  quefition  the  accuracy  of  hia  interpretation  of  those  £act»  which 
were  known  to  him. 

The  claBsification  of  glacial  deposits  is  always  a  diflftcult  urntter, 
and  in  Lincolnshire  tliere  are  special  circumstoneeB  which  make  it 
very  difficult  to  ascertain  the  relative  age  of  the  several  masses  of 
Boulder -el  ay, 

Mr.  Searlea  Wood  binieelf,  though  gtiil  adhering  to  the  divisioM 
which  he  first  established,  has  considerably  modified  his  views  with 
regard  to  the  correlation  of  the  Lincolnshire  Boulder-clap.  His 
original  classification  of  the  glacial  series  in  East  Yorkshire  and 
Liuoolushire,  as  published  in  1865  J,  was  as  follows ;  — 

5.  Hessle  clay. 

4,  HcBsle  sand  and  gravel. 

3.  Purple  clay. 

2.  Sands  and  gravels, 

L  Basement  day. 

He  then  regarded  tho  Basement  clay  as  the  equivalent  of  the 
East  Anglian  Upper  Boulder- clay,  and  considered  the  overlying 
Purple  and  Hessle  Clays  as  newer  than  any  part  of  this  souiherti 
Chalky  Boulder-clay.  In  his  last  paper  (1880)  he  takes  a  different 
view,  and  appears  to  look  upon  the  Basement  and  I^rple  Clays  as 
together  representing  the  whole  East  Anglian  series  §. 

In  both  memoirs  be  insists  upon  the  existence  of  a  great  break  at 
the  base  of  the  Hessle  beds,  and  even  goes  so  far  as  to  exclude  these 
beds  from  the  glacial  seriea  altogether,  grouping  them  aa  Post- 
glacial,  because  ther  are  Ix'dded  into  the  Wold  vuUeya  and  becaoae 
at  one  locality  they  happen  to  contain  the  shell  Cyrtna  Jlumiwdi*. 

»  Quart,  Joum.  GeoL  Soc.  vol.  ixiv.  p.  146.         t  Op.  cit.  toL  jmxw.  p.  307. 

JjfC.  cit. 


I 


QusrU  Joum.  Qeol.  8oo.  vol,  xxxvi.  p.  527. 
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¥ig,  1. — Sketch-Map  of  Lineolnshire^  showing  the  range  of  the  Boulder- 
daye:  reduced  from  the  maps  of  Oie  Geological  Survey.  (Scale 
about  12  miles  to  an  inoh.) 


^mUMrAKodVtu. 


6Mle  OIaj. 

Digitized  by  LjOOQ IC 


no 


A»  J.  JTTKES-BROWKB  OK  THB 


I  propose,  tliercforej  to  set  down  some  of  the  evidence  which  I 
have  ohtained  during  the  last  six  years,  in  order  that  the  present 
state  of  the  case  nmy  be  properly  apprehended,  and  that  the  links 
which  are  wanting  in  the  chain  of  evidence,  and  the  d i the ul ties  which 
caii  for  exidanation,  may  be  clearly  perceived. 

No  one  who  studies  the  Lincolnshire  Boulder-clays  can  fail  to  he 
stmck  with  the  great  diffcrenceH  between  the  two  principaJ  typoa  of 
glacial  clay  which  occur  in  the  county  ;  they  fall  naturally  into  two 
groups— a  brown  series  und  a  grey  or  blue  series,  which  are  not 
only  li^hologieally  different,  but  also  to  a  great  extent  geographically 
separate.  It  will  perhaps  dear  the  ground  if  1  commence  by  briefly 
sketching  the  range  of  these  two  types  of  Boulder-clay,  Itanng  their 
points  of  contact  to  be  considered  afterwards.  The  relations  of  the 
two  m embers  of  the  **  brown  series,'*  namely  the  Purple  and  Hessle 
Cla3's,  will  next  be  discussed ;  and  in  conclusion  such  inferenceis  will 
be  drawn  aa  appear  to  be  warranted  hy  the  facts  described  *. 

§  1,  The  Eangt  or  suj^rficlal  Extaisimi  of  the  Chafhf  Botddfr-dnif, 

This  type  of  Boidder-clay  only  occurs  in  the  poulhem^  central,  und 
western  parts  of  the  county.  In  the  sonth-w  est,  about  Corby  and 
Ponton,  it  is  generally  of  a  light  grey  or  greyish-blue  col  air,  lull  of 
chalk  and  oolitic  debris ;  beneath  the  Fens  and  northward  along 
the  central  valley  it  is  usually  of  a  deep  blue  or  blue- grey ;  btit 
eastward  as  it  nears  the  Clialk  Wolds  it  l)ecomes  lighter  and  fighter, 
finally  passing  into  an  intensely  chalky  clay  or  marl  of  a  pure  whit« 
or  yellowish- white  tint. 

There  can,  I  think,  be  little  doubt  that  those  prey -blue  and  whit0 
Boulder- clays  form  part  of  the  great  sheet  which  spreads  over  " 
eastern  Midlands,  and  which  appears  to  be  conlinuona  with  what  has 
been  termed  by  Mr.  JSearles  Wood  the  Chalky  Boulder-day  or  Upper 
Bonlder-cIay  of  East  Anglia. 

The  mapping  of  sheets  70  and  83 1  has  disclosed  certain  peeuli- 
arilies  in  the  lie  of  this  Boulder-clay  which  desene  attention.  In 
ftheet  64  (south  of  sheet  70)  spreads  of  Boulder-clay  occur  both  on 
the  lowest  and  on  the  highest  levels  ;  and  some  of  these  entering 
sheet  70  extend  northward  along  the  high  ground  by  CSrreat  Ponton 
and  8omerby  to  Kelby,  a  village  about  two  miles  8,E.  of  Ancaster. 
But  from  Ancaster  and  Sleafoxd  northward  to  Lincoln  no  trace  of 
this  clay  has  been  found  along  any  part  of  the  tract  occupied  by  the 
outcrojjs  of  the  Jurassic  strata.  Again  from  Lincoln  northward 
no  Boulder-clay  is  found  along  the  higher  ground,  though  it  ia 

*  For  a  full  deBcription  of  the  Lineolashire  Boiilder-dayB  and  of  the  tretioTii 
obwrTcd  during  the  propTfB  of  the  Geologit.'al  Surrey  th*  reader  ia  rdifrrwd  to 
the  explaimiions  of  shct!ts  70«  83,  64,  ^b,  atid  86.  which  are  now  in  coiiree  of 
publication.  In  the  following  psgea  only  a  few  iectimw  are  described  aa 
fcpcciallj  ilJastrating  the  relfltions  of  the  several  clays,  and  the  paper  ia  designed 
to  convey  such  theoretical  conelueions  aa  do  not  find  a  place  in  the  SurtP'j 
Memoirs,  Thege  ronelu«ionJt  i&re  not,  howi^iver,  to  bo  tak(?n  ua  exprcveiTig  ibe 
genet^l  opinion  of  (lie  offiterB  of  the  Surrey,  but  are  my  own  |>ep9onaJ  Tte«nv 

t  These  linmberB  refer  to  th©  aheets  of  tlie  Ordnance  Survey  map,  and  thdr 
limita  are  ahom  n  on  the  map  accuiupanying  this  paper* 
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continuous  on  the  eastern  flank  and  soon  begins  to  set  in  on  the 
western  flank. 

The  great  sheet  which  slopes  northward  through  Cambridgeshire 
and  caps  the  islands  of  Ely  and  March  dips  beneath  the  Fen-level 
along  a  line  running  south  of  Growland  and  Wisbech  and  continues 
to  underlie  the  plain  of  the  Fenland  by  Spalding,  Bonington, 
and  Boston.  It  may  have  been,  and  probably  was,  connected 
with  that  which  spreads  over  the  high  land  in  the  south  part  of 
sheet  70,  but  it  is  now  disconnected  by  erosion  along  the  Fen 
border.  Unlike  the  high-level  mass,  it  does  not  terminate  in 
the  latitude  of  Ancaster,  but  appears  to  run  northward  below  the 
Fens  bordering  the  Witham,  emerging  along  their  eastern  border  by 
Tattershall,  Kirkstead,  and  Bardney.  Thence  this  Chalky  Boulder- 
clay  spreads  northward  through  Wragby  and  Market  Rasen  to 
Brigg,  and  eastward  to  Homcastle  and  the  high  ground  between  the 
valleys  of  the  Bain  and  the  Steeping  in  sheet  84. 

It  also  sends  a  tongue-like  prolongation  north-eastwards,  from 
Eainton  and  South  Willingham,  across  the  escarpments  of  the  Lower 
Xeooomian  and  the  Chalk,  by  Gayton-le-Wold  and  Brough-on-Bain, 
Dp  on  to  the  summit  of  the  Chalk  Wolds  near  Kelstem  and  Elkington 
to  the  north-west  of  Louth.  Near  Gay  ton  the  Boulder-clay  and 
associated  gravels  are  seen  to  be  bedded  against  the  slope  of  the 
Chalk  escarpment,  showing  that  this  escarpment  had  retired  to  its 
present  position  in  pre-glacial  times.  The  height  of  the  ground 
near  Kelstem  is  about  400  feet  above  datum-level. 

Another  important  point  in  connection  with  the  distribution  of 
this  Boulder-clay  is  this,  that  with  the  exception  of  the  tongue  above 
mentioned  and  a  small  outlying  patch  to  the  southward,  it  is  not 
found  anywhere  along  the  broad  tract  of  the  Chalk  Wolds  from 
their  oommenoement  near  Candlesby  to  their  intersection  by  the 
Humber.  This  is  the  more  remarkable  because  this  clay  caps  the 
high  ground  formed  by  the  Lower  Neocomian  escarpment  near 
Greetham,Fulletby,  and  Scamblesby,  which  is  as  high  a8,if  not  higher 
than,  the  corresponding  part  of  the  Chalk  escarpment  Still  the 
occurrence  of  the  single  outlier  near  Maidenwell,  and  the  fact  of  its 
dimbing  on  to  the  Wolds  by  Kelstem,  seem  to  indicate  that  the 
Boulder-clay  once  had  a  continuous  extension  over  the^e  hills.  We 
are  consequently  obliged  to  conclude  either  that  the  Wold  hills 
have  been  in  some  way  exposed  to  more  severe  and  long-continued 
detrition  than  the  rest  of  the  county,  including  the  Neocomian  ridge, 
or  else  that  the  amount  of  Boulder-clay  originally  deposited  on  the 
Chalk  hills  was  very  much  less  than  elsewhere.  It  is  very  probable 
that  its  thickness  was  less  on  these  hills,  and  I  have  shown  in  pre- 
vious papers  that  erosive  agencies  have  been  very  active  over  this 
tract 

§  2.  Th4  Range  of  Brown  Botdder-Clays, 

The  Eastern  Border, — In  describing  these  days  and  their  mode 
of  occurrence  it  will  be  convenient  to  commence  on  the  north  border 
of  the  Fenland,  near  Firsby,  a  station  on  the  Great  Northern  line ; 
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mu\  i\ir  ih\n]h  of  tlie  sectioiif^  visIIjIc  iii  Lbis  nLighboiirhood,  I  maj 
]  1  'iv V  1 1 1  1]  I y  ]  t u pi  ^ r  'Mill  1 1 1 1 ■  Sci 1 1 1  h o rl }'  E xt e t isio u  of  t hf ■  H t?s>.Ie 
]iuiiLI(.'r-t  kiy  m  Luic^flnsliiru  '*^.  TIjl'  TDiip  atromiianying  that  pajuT 
al>o  ^linws  ihr  riiMmirr  in  whiclr  tliis  elay.  toj^erher  with  tbt'  under- 
l)inf>  Puri^lr  rhiy.  i-hd flies  nostlnvrtnl,  uTid  forms  a  br«>ad  tract  uf 
iJfidulatJMi,^  bind  betweini  the  dialk  Wulds  jitkI  the  eastern  marries, 
TIsifct  mnp,  however,  bavin^^  becu  drawn  betViio  the  biiundaries  oi  the 
]jiMiLlrr-ebky  had  berti  aeeiinitely  mapjad  norlb  of  Alford,  it  h 
Tjceessaiy  to  give  Nimo  in  enunt  (ft  iis  inland  houndan^  fmm  this 
point,  and  tbi-  mn\t  (p,  li5)  will  enaUe  the  reader  to  follow  the 
ennuinK  di\seii[iliyn. 

This  Ixnmibiry,  In  I  be  west  of  Alfurd,  is  almost  a  straight  line ; 
the  elav  *m(U  abinptly  Ji^^ainst  the  rise  of  the  Cbalk  Wolds,  and  the 
depHi  of  tbo  ebiy  inereLi&et;  with  the  rise  of  the  i^round  from  Alford 
towardh  I  bo  billtJ.  Thut;  near  AlrV^rd  tlie  uhujiI  dejitb  of  the  Boujder- 
ehty  is  abijiit  sixty  feet,  bnt  near  Rijisby  a  welJ  wa.s  sunk  witbiu  a 
furldTif;  of  the  liuinnlHry-line,  and  passed  through  iiiiiety  feet  of  clay 
wit  lion  t  piercinj*  it.  These  faeti^  show  that  the  plfiin  of  Cbaik  on 
wliic'h  tin-  jjoiildrr-elay  re?Tt^i  is  nearly  bori/ontal,  und  extends  up  to 
the  tuot  (►f  the  Wtdds.  Tliey  al:^o  seem  to  indicate  that  the  cUy? 
lift'  Imuliid  up  Mi^idn.-'t  a  buried  rliff  of  dialk.  This  sharp  boundan- 
line  cuntinucs  north-west  ward  fur  al>ont  two  miles,  till  it  is  broken 
by  tht^  onth.-tiif  the  C'alecby  beek  between  Aby  and  lielleau.  Here 
there  is  an  exliiihive  Ijuil  ijf  gravel,  intercahited  ajiparently  between 
an  l"l>jior  and  Jiower  Jtonlderd&y,  and  evidently  fi  befieh-tbrmation, 
containing  broken  marine  shells  in  the  aandy  bedn,  and  rolled 
pebblfH  of  chfdk,  pierced  jjy  I^fmlfuks,  in  the  ^^ra^'el  beds.  At  South 
Iliore!^1>y  there  are  two  Iwth  of  ^^ ravel »  separated  I>y  a  Itijer  of  cJay^ 
about  2o  fett  Lbiek.  anil  the  same  ia  the  ease  at  Claythorpe  station. 

At  and  beyond  Bel b^ an  tlie  lioidder-elay  ovemdea  the  eiitf  or  slofje 
of  thti  CJialk.  and  for  home  diNtiujee  caps  the  ridge  whieh  mm 
tbroui^^b  Bururll  Park.  From  this  plaee  to  the  neighbourhood  of 
Li>nth,  the  h^nindfiry  is  %'ery  irre^^nlar,  outliers  of  Boulder-clav 
ocenrdn^*'  mi  the  highest  bills,  jind  toiij^nes  of  tb&  mme  elaj 
ocen|>}ing  the  button  is  of  the  valleys  which  ramify  through  the 
Woldw,  Tlie  height  to  which  the  Eonlder-clay  hero  oiaeends  mutt  be 
nearly  .itHt  feet  ;  but  in  colour  and  *^eneral  appearance  it  ia  ]>i:©ci»aly 
the  synie  as  that  found  near  the  siurfaee  of  the*lower  ground. 

North  of  ]rfjnth,  tor  a  short  di?itauce,  the  border  of  the  Cli^ 
Wolds  ia  &imihirlv  smothrrcd  in  Houldcr-cky  ;  but  near  Potherby 
tho  boundary  desiccnds  to  a  lower  level  and  bcconies  agaiu  sharp  and 
cb  an  i>trikiogN  ,N.  W.,  and  only  interrupted  by  tongues  tlirost  up  tW 
older  valley.H*  it  pamee,  into  shoot  8(1,  between  Wybacx  and  Hawerby. 
At  the  lattei'  place  the  boundary *IiTie  api>eari  to  pa«*i  between  Uie 
cbureb  and  "  the  Hall"  occupied  by  Mr,  llaniesti  ■  this  gentleman  in- 
fo rmed  Tiie  that  a  weU  h^id  been  sunk  in  his  yard  to  a  depth  of  l&f5 
feet  without  meeting  nny thing  eke  than  clay.  As  ehalk  com 68  to  th« 
Buriace  at  a  distance  of  about  150  yardsj  tliere  b  a  vorj  steep  al4>]Ms 

*  Quart  JouTD.  GkoL  Soc  vol.  xxxr.  p.  397. 
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(if  not  a  diff)  of  chalk  at  this  place,  and  probably  all  along  the  line 
of  rise  from  the  lower  plain  to  the  Wold  hills. 

At  the  same  time  it  is  clear  that  the  Boulder-clay  overrode 
this  diff-line,  and  buried  a  considerable  portion  of  the  Wold  land 
to  the  westward.  A  thin  outlier  caps  the  high  ridge  between 
Hawerby  and  Wold  Newton,  the  summit  of  which  is  382  feet  above 
datum-level ;  and  the  same  Boulder-day  occupies  the  valley-bottom 
which  runs  northward  from  Wold  Newton  to  Ravendale. 

Fig.  2. — Plan  of  the  country  near  Hatcliffe,     (Scale  1  inch  to  a  mile. 
The  ground  occupied  by  Drift  is  indicated  by  diagonal  shading.) 


^M^^^ 


i\ 


Near  £a8t  Ravendale  there  is  direct  continuity  between  the  day 
in  this  valley  and  that  outside  the  chalk  ridge ;  and  the  mapping 
east  of  Hatcliffe  (fig.  2)  suggests  the  existence  of  a  diff-Une  breached 
by  the  battering  of  ice  before  or  during  the  deposition  of  the  Boulder- 
day.  From  this  locality  the  brown  days  are  traceable  northward 
by  Laceby  and  Brocklesby  to  Barrow  and  Barton-on-Humber. 

Westerly  Extension, — From  Hessle,  on  the  north  side  of  the 
Hnmber,  the  so-called  Hessle  Clay  sweeps  westwards  to  North 
Ferriby,  and  "as  it  is  also  found  on  the  south  side  of  the  river  at 
Barton  and  near  South  Ferriby,  Mr.  Searles  Wood  justly  conduded 
that  it  had  once  filled  the  great  gap  in  the  Wolds  through  which 
the  Hnmber  flows.  But  if  the  Boulder-clay  extended  through  this 
gap,  we  should  certainly  expect  to  find  it  on  the  western  side  of  the 
Wolds,  both  north  and  south  of  the  Humber,  at  similar  low  levels. 
Mr.  Searles  Wood  could  not  find  it,  and  he  suggests  some  elaborate 
hypotheses  to  account  for  its  supposed  absence.  These,  however, 
are  fortunatdy  rendered  unnecessary  by  the  simple  fact  that  it  is 
not  absent,  but  present  in  some  force,  both  to  the  southward  and 
westward  of  South  Ferriby.  It  may  be  seen  near  Horkstow  Bridge, 
1 J  mile  8.W.  of  Ferriby,  and  again  in  the  dyke  at  the  east  end  of 
W^interton  Holme,  whence  it  extends  westward  to  Winterton,  and 
thence  northward  to  Winteringham,  and  it  probably  underlies  parts 
of  the  allaviam  of  the  Ancholme.    Along  the  eastern  border  of  this 
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alluTium  at  the  base  of  the  Chnlk  cflcaq}inent,  nms  a  t-errace  of 
|jfravel,  apparently  a  continuation  of  that  which  overliee  th^  western 
end  of  the  Hesslo  Chiy  at  Fcrriby  cliff,  WhetEer  tliia  gravel  ifi  of 
Hessle  age  ib  uncertain. 

The  Hessle  Clay,  however,  hajs  been  found  again  ie  the  nci^h- 
bourhood  of  W  raw  by  and  Brigg»  and  ita  exposures  will  be  d«^&cril>ed 
in  the  Explanation  of  Sheet  titi.  Its  chnraPxter  here  is  much  more 
variable  than  on  the  eastern  t^ide  of  the  Wolda.  Sometiiuea  it  b 
fiill  of  stones,  and  sometimes  hardly  a  pebble  can  be  found  io  it; 
DCcaBionally  it  pasFea  inU*  a  iLLniinated  sandy  loam  ;  in  colour^  how- 
ever, it  still  resembles  the  typical  Heshle  Clay,  being  of  a  reddish 
brown  streaked  and  mottled  with  ashen  or  bluish  grey. 

From  Brigg  it  extends  southwards,  but  has  only  been  detected 
at  law  levels  on  cither  side  of  the  broad  valley  of  the  Aiicholme. 
Claya  and  gravels,  apparently  belonging  to  it.  Lave  been  mapiK^  ut 
Cadney,  Hibaldfttow,  Iletlbourn  Rays,  Waddingbam  and  Thomtoa 
Uarrs,  Owersby  Carra,  and  near  Bishop's  Bridge,  cast  of  (fleotham; 
but  in  some  of  thej^*  localities  it  puts  on  an  aspect  which  is  ven^ 
dift'erent  from  that  which  it  usually  presents.  It  becomes  a  sticky 
bluish  clay,  mottled  in  some  places  with  yellow  or  browTi,  and  only 
containing  hero  and  there  a  rolled  pebbleof  qiitirt/Ate-  In  this  f«inn 
it  resembled  weathered  Oxford  Clay  so  gi"eatly,  that  it  was  at  1^t»t 
overlooked,  but  mapped  in  subsequently,  after  a  C4ireful  and  pri>- 
longed  examination  of  the  ground  by  Mr.  U^sher  and  myself*  We 
found  that  this  pecuhar  clay  Tvas  everywhere  underlain  by  gravel, 
and  tbat  it  sometimes  passed  into  reddish  clay,  with  stones  more 
resembling  the  ordinary  type. 

Beyond  Bishop's  Bridge,  to  the  east  of  Glenthara,  it  was  no  longer 
traceable  in  the  Ancholme  valley ;  but  south-w  est  of  Murket  Rasen 
a  reddish  brown  clay,  mottled  with  grey  and  containing  small  lhnt« 
nnd  pebbles  of  chalk,  sets  in  at  higher  levels.  This  eloscly  overhes 
the  ordinary  grey  Bouldcr-clay  of  the  district,  and  caps  the  low^ 
ridges  separating  the  valleys  of  the  brooks  which  How  westward  to 
unite  in  the  Lang  worth  beck. 

There  is  a  considerable  area  of  such  clay  west  of  Faldingworth, 
and  again  between  8winthorpe  and  Wickenby  ;  and  sand  and  sandy 
gravel  are  frequently  found  in  connection  with  it,  both  above  and 
below.  I  only  saw  these  beds  in  a  hasty  traverse,  made  last  year 
alter  the  countrj^  had  been  mapped,  but  found  a  fair  section  of  thera 
iu  the  railw^ayn^utting  west  of  Wickenby,  the  succession  here  being 
us  below : — 

Sandy  eoil  and  eand  ..,...„.,.. ,„.., 3 

R^d-Brown  Boulder-elnj t..*..,...^....  i 

Yellow  wind  rnll  of  flints,  seen  for , ..*  I 

?Grcj^  Boulder-cky  t>elow  (grawed  over)  .., — 

These  beds  are  so  thin  and  so  badly  exposed,  that  I  could  not  be 
ctTtain  of  their  identity  witli  the  He&sle  Clay,  but  they  are  very 
different  from  the  grey  Chalky  Bouldor-clay  which  surrounds  tliem. 
Houth  of  this  point,  over  a  considerable  spiicei  a«  far  as  tbo  ralley  of 
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the  Witham,  nothing  is  known  of  this  brown  Boalder-clay,  becanise 
it  has  never  been  looked  for ;  bat  there  can  be  little  doubt  that,  if 
looked  for,  it  would  be  found,  because  it  occurs  on  the  further  side 
of  the  Witham,  and  it  is  not  likely  to  be  absent  in  the  intermediate 
area,  unless  it  has  been  remoTcd  by  detrition  and  erosion. 

Crossing  the  Fens  which  occupy  the  ancient  estuary  of  the  Witham, 
we  find  a  strip  of  Boulder-clay  occupying  a  peculiar  position  along 
their  south-west  border.  It  has  been  already  mentioned  that  the 
ground  occupied  by  the  Lower  Oolite  south  of  Lincoln  is  entirely 
free  from  Bouider-clay  of  any  sort.  The  existence  of  this  strip  of 
Boulder-day  along  the  Fen  border  was  not  then  spoken  of,  because 
there  is  reason  to  think  that  it  belongs,  not  to  the  Chalky  Clay,  but 
to  the  other  series  we  have  been  following. 

When  mapped  in  1878,  it  was  supposed  to  belong  to  the  mass  of 
grey  and  blue  Boulder-clay  which  comes  down  to  the  fen-level  on  the 
eastern  side  ;  the  existence  of.  Purple  or  Hessle  Clay  so  far  west- 
ward was  not  then  thought  of,  and  the  question  of  separating  the 
Boolder-clays  had  not  then  been  raised.  My  note-book,  however, 
contains  a  mention  of  peculiar  brown  and  grey  mottled  clay,  with 
small  fragments  of  chalk,  as  seen  at  Martin  Wood  near  Timberland. 
I  have  not  had  an  opportunity  of  revisiting  this,  but  have  little 
doubt  that  this  clay  is  of  the  East-Lincolnshire  type. 

This  ridge  of  Boulder-clay  (which  is  capped  by  a  remarkable 
series  of  quartzitiferous  gravel)  passes  into  sheet  70  between  Tim- 
berland and  Thorpe  Tilney  and  becomes  a  promontory  jutting  into 
the  Fenland  as  far  as  Billinghay.  Its  western  border  has,  in  fact, 
been  cut  back  by  the  erosive  agencies  which  have  formed  the  post- 
glacial valley  of  the  Scroby  beck  ;  and  there  can  be  little  doubt  that 
tills  Boulder-clay  was  once  continuous  from  Walcott  and  Billinghay 
to  the  neighbourhood  of  Anwick  and  Ewerby. 

Of  the  Boulder-clay  of  Ewerby  I  can  speak,  again,  from  personal 
knowledge.  By  Haverholme  Park  it  is  a  mottled  buff  and  brown 
day,  full  of  small  chalk  stones,  with  a  gritty  or  sandy  feel,  and  in 
every  respect  like  the  days  of  East  Lincolnshire.  At  Ewerby 
Thorpe  it  is  of  a  uniform  dull  purple-brown  colour ;  but  this  is  ex- 
captional,  and  to  the  southward  by  Howell  and  Heckington,  the 
buff  and  grey  tints  predominate  over  the  brown,  though  the  mottling 
and  sandy  admixture  remain  conspicuous  features. 

Near  Heckington  it  occupies  a  tract  of  ground  which  is  five 
miles  wide,  and  it  passes  eastward  under  the  silt  of  the  Fenland. 
The  gravels  associated  with  it  and  on  which  stand  the  villages  of 
Heckington,  Great  Hale,  Little  Hale,  and  Helpringham,  all  contain 
rounded  pebbles  of  quartz  and  quartzite,  together  with  flints  and 
fragments  of  Jurassic  limestones. 

Boulder-clay  of  the  same  character  continues  southward  by 
8waton  and  Horbling,  though  here  the  fen-beds  encroach  upon  and 
narrow  the  tract  which  it  occupies.  I  have  not  traced  it  further  to 
the  south  than  Horbling  and  Stow  Green,  and  here,  therefore, 
further  exploration  is  required  with  the  object  of  acertaining  its 
louthem  limit.     In  appearance  it  is  so  different  from  the  grey  or 
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white  Chalky  Clay  of  the  high  lands  that  its  separation  therefrom 
oiij^ht  not  to  be  a  difficult  task  if  it  maiutainB  its  usQal  characters ; 
but  it  is  conceivable  that  if  newer  than,  and  banked  against,  tbc 
Chalky  Clay  the  reconetnictcd  material  of  the  latter  would  give  it 
a  different  aspect  and  introduce  a  source  of  coufuaioa  and  diffi- 
culty. 

If  the  Boulder-clay  which  borders  the  western  side  of  the  Finland 
is  distinct  from,  and  newer  than,  the  bltiish-grey  clay  which  occurs 
on  the  southern  borders,  and  if  both  pass  beaeath  the  Fens,  then 
tho  newer  clay  ought  to  bo  found  overlying  the  older  clay  in  tbe 
notjSfhbourhood  of  Boston.  The  large  excavations  made  for  the  new 
docks  at  Boston  last  year  enabled  mo  to  test  this  expectation.  The 
section  I  found  at  the  bottom  of  tho  dock-basiu  in  November  waa:— 


Olay  and  silt 18 

Peit .,„„  1 

Wbit<*  fltid  gTVj  sands  ......„,,...,.,.. 1 

Boddish  sand  and  atones  in  pookets  worn  in  mottljod  bufT 

and  gr«*y  BoultierHjIiij aboat  6 

The  Boulder-clay  with  the  reddish  sand  and  gravel  in  pipes 
and  pockets  was  similar  in  appearance  to  that  near  the  wcst^^m 
border  of  the  Fen,  just^  in  fact,  such  an  the  surface  near  Heckinglou 
and  Hale  would  present  if  uow  submerged  and  covered  by  newer 
deposits.  In  a  deeper  trench,  between  the  doek  and  the  river,  a 
dark -blue  Boulder-clay  was  exposed  underneath  the  mottled  clay 
which  forms  the  base  of  tbs  dock-section.  The  line  of  junction  was 
not  clear,  but  appeared  to  be  a  sharp  one. 

The  existence  of  so-called  Hesale  Clay  beneath  Boston,  anticipated 
by  mo  in  1870  *,  is  thus  confirmed,  thoiighits  thicknesa  is  but  smalL 
The  upper  portion  has  probably  been  carried  away  by  erosion,  so 
that  only  tho  ba.se me nt  part  remains. 

My  reason  for  suspecting  the  eKiatence  of  this  clay  beneath 
Boston  was  that  it  occurs  in  the  form  of  an  island  at  tho  surface 
near  Sibsey,  about  five  miles  to  the  ^.N.E.  Here  and  at  Stickney, 
still  further  north,  the  clay  is  of  a  uniform  purjde-brown  oolouff 
this  being  apparently  the  tint  of  the  upper  portion  of  the  "  brown- 
clay  series''  in  tho  Fen  district f. 

Frora  Btickney  this  clay  continues  by  Stickford  to  the  northern 
border  of  the  Fen  land,  of  which  it  forms  the  margin  by  Keal  Coatc«, 
Toynton,  and  Little  Steeping  to  Firsby,  where  we  commenced  this 
description  of  its  range.  This  ground  was  described  in  tho  paper 
already  referred  bo  ;  but  there  is  one  point  to  which  1  desire  to  iWll 
attention :  this  is  tho  exist^^nee  of  sand-banks  along  the  northern 
edge  of  the  Boulder-clay  tract,  where  it  is  banked  up  against  the 
slope  of  the  Kimme ridge  Clay.  This  bank  forms  a  kind  of  terrace 
at  the  foot  of  these  hills*  and  appears  to  indicate)  a  shore-line.  Thia 
is  of  the  greater  impurtance^  because  the  original  marg^iii  of  the 

•  Qnnrt.  Joum.  Gienl.  Soc,  vol,  xtiv.  p.  420. 
t  These  cittjA  may  iherefore  beloag  to  tbe  Purple  and  DOt  to  the  Benple  Ulaj* 
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brown  Boulder-clays  haa  in  most  places  been  destroyed  by  post- 
glacial detrition.  The  only  other  locality  known  to  me  where 
beach-deposits  contemporaneous  with  the  upper  portion  of  the 
brown  clay  occur  is  near  Kirmington,  in  sheet  86.  These  have 
been  mapped  and  investigated  by  Mr.  C.  Eeid,  and  will  be  described 
by  him  in  the  explanation  of  that  sheet.  They  are  interesting  as 
containing  a  large  marine  fauna. 

There  is  also  another  point  of  interest  in  connection  with  the  dis- 
tribution of  the  brown  clay  round  the  Pen  borders.  In  1879  I 
drew  attention  to  the  peculiar  way  in  which  the  newer  Boulder- 
days  (then  supposed  to  be  Hessle  Clay  only)  terminated  southwards 
m  East  Lincolnshire  ♦.  Leaving  the  Fen  border  at  Stickford,  the 
brown  clay  is  prolonged  southwards  in  a  long  ridge  or  bank  by 
Stickney  and  Sibsey  for  a  distance  of  seven  miles ;  and  whUe  the 
Fens  on  the  east  side  of  this  bank  are  underlain  by  the  same 
Boalder-day,  those  on  the  west  side  rest  directly  on  Ximmeridge 
Clay  or  on  the  older  Boulder-day  which  comes  in  further  west. 

This  struck  me  at  the  time  as  a  fact  which  was  both  remarkable 
and  difficult  of  explanation;  for  if  the  contours  of  this  part  of 
Lincolnshire  during  the  formation  of  the  newer  Boulder-clay  were 
anything  like  what  they  are  now,  it  is  hard  to  conceive  any  valid 
reason  why  this  clay  should  be  so  peculiarly  and  partially  distri- 
buted ;  why  it  does  not  continue  to  form  a  bordering  plateau  west- 
ward from  Stickford,  as  it  does  to  the  eastward  of  that  place  and 
along  the  east  side  of  the  Chalk  Wolds. 

Not  only  is  the  newer  Boulder-clay  absent  from  Stickford  to  Tat- 
tershall,  but  no  sign  of  it  has  ever  been  discovered  along  the  eastern 
side  of  the  Witham  level  from  Tattershall  to  Lincoln,  although  in 
the  present  paper  I  have  described  a  continuous  strip  of  this  clay  as 
bordering  the  western  side  of  this  level  from  Billinghay  to  and 
beyond  Hanworth  Booths. 

I  think  we  may  infer  from  these  facte  that  the  contours  of  the 
whole  district  lying  to  the  east  of  tbe  Witham  level,  and  along  the 
Fen  border  as  far  as  Hagnaby  beck,  have  been  greatly  altered  in 
post-glacial  times,  that  is,  since  the  formation  of  the  newer  Boulder- 
day.  The  widespread  deposits  of  gravel  and  sand  of  the  lower 
parts  of  the  tract  in  question  demonstrate  that  it  has  suffered 
great  erosion  and  detrition  in  post-glacial  times ;  so  that  altogether 
it  aeems  probable  that,  at  the  time  when  the  newer  Boulder-clay 
was  formed,  this  tract  was  occupied  by  a  mass  of  the  older  Boulder- 
day,  rising  above  the  level  at  which  the  newer  clay  was  laid  down 
in  the  Fen  district,  and  forming  a  promontory  which  jutted  south-  - 
wards  over  what  is  now  termed  the  West  Fen. 

On  this  supposition  the  existence  of  the  curious  ridge  of  Boulder- 
clay  running  through  Stickney  and  Sibsey  finds  a  natural  explana- 
tion ;  for  if  there  was  originally  higher  ground  to  the  west  of  this 
ridge,  it  may  be  regarded  simply  as  a  continuation  of  the  bank 
formed  against  the  old  shore-line  below  Toynton  and  Keal  (see 

'^  See  Quart  Joum.  GeoL  Soo.  vol.  xzzv.  p.  397. 
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p.  122).  This  is,  in  fact,  the  conclusion  at  which  I  arrived  in  my 
former  paper  ♦. 

Assuming  also  that  the  trough  of  the  Witham  estuary  then  lay  a 
little  to  the  west  of  its  present  course,  and  that  it  was  filled  up  from 
side  to  side  with  the  brown  Boulder-clays,  like  that  of  the  Humber 
estuary,  we  may  regard  the  strip  of  newer  Boulder-clay  which  runs 
from  Billinghay  to  Nocton  and  Hanworth  as  occupying  the  western 
half  of  this  old  trough,  and  may  suppose  that  the  eastern  half  of  the 
clay-filled  trough  has  been  removed  by  post-glacial  erosion. 

This  erosion  was  no  doubt  partly  effected  by  the  river  flowing 
through  the  Lincoln  gorge  and  impinging  upon  its  left  bank ;  and 
it  is  interesting  to  note  that  this  tendency  to  impinge  upon  the  left 
bank  is  maintained  by  the  modern  river  Witham,  which  hugs  the 
eastern  edge  of  the  fen-level  all  the  way  from  Bardney  to  Tatter- 
shaU.  The  erosion  of  this  eastern  side  was  doubtless  assisted  by 
the  action  of  the  tributary  streams  flowing  off  the  clay-tracts  to  the 
eastward,  which  would  naturally  have  a  greater  volume  and  velocity 
than  those  which  drained  the  limestone  country  to  the  westward. 
The  Hagnaby  beck  rising  near  Bolingbroke  has  likewise  done  its 
share  of  the  work  by  attacking  the  promontory  of  older  Boulder- 
clay  on  the  other  side. 

There  is,  therefore,  nothing  to  militate  against  the  supposition  of 
such  a  promontor>%  but,  on  the  contrary,  all  the  facts  known  to  me 
tell  in  favour  of  its  existence ;  I  think,  therefore,  it  is  a  feature 
which  must  be  introduced  into  any  picture  of  the  Eenland  during 
early  post-glacial  times. 

§  3.  Points  of  Contact  between  the  two  Series  of  Boulder-days, 

In  East  Lincolnshire  there  are  only  three  localities  where  the 
Brown  Boulder-clay'comes  into  contact  with  the  White  Boulder-clay. 

The  first  of  these  is  at  Maidenwell,  five  miles  south  of  Louth. 
Here,  at  a  height  of  about  400  feet  above  sea-level,  occurs  an  out- 
lying patch  of  white  Chalky  Boulder-clay  capped  with  flint-gravel. 
The  same  clay  also  continues  down  the  slope  to  Maidenwell  farm, 
to  the  east  of  which  a  second  patch  of  gravel  occurs,  probably  over- 
lying the  white  clay,  but  passing  eastward  into  or  under  a  mass  of 
brown  clay.     No  good  sections  are  here  to  be  found. 

The  second  locality  is  near  Welton,  about  three  miles  west  of 
Louth.  Here  clay  of  the  Hessle  type,  overlying  a  great  depth  of 
gravel  and  exposed  in  good  sections,  appears  to  be  banked  against  a 
slope  of  white  Chalky  Boulder-clay.  Near  the  line  of  junction  a 
soft,  silty,  yellowish  clay,  or  calcareous  loam,  occurs ;  and  the  true 
relations  of  the  two  series  might  easily  be  exposed  by  excavating  a 
short  trench  down  the  slope  at  this  spot. 

The  third  locality  is  near  Wold  Newton,  in  sheet  86.  The  Chalky 
Boulder-day  enters  the  sheet  S.W.  of  this  village,  and  ends  in  three 
spurs ;  the  central  one  of  these  descends  to  a  lower  level  than  the 
others,  and  either  passes  under  or  into  a  brownish  day ;  but  the 

*  Loo.  oii.  p.  409. 
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entire  absence  of  even  ditch-sections  prevented  my  coming"  to  any 
conclusion  on  this  point. 

The  appearances  at  these  three  localities  being  not  unfavourable 
to  the  supposition  that  the  brown  days  passed  into  chalky  clay, 
taken  together  with  the  fact  of  the  former  clay  occurring  at  so 
great  a  height  on  the  Wold  as  nearly  400  feet,  inclined  me  to  the 
belief  that  there  was  no  great  separation  in  time  between  the 
formation  of  the  two  series.  It  was  not,  therefore,  till  last  year 
(1883)  that  I  recurred  to  the  opposite  opinion,  in  consequence  of 
finding  evidence  on  the  west  side  of  the  Wolds  which  forced  me  to 
regard  the  brown  clays  of  that  district  as  belonging  to  a  much  more 
recent  period  than  the  blue  and  chalky  clays.  This  evidence  may 
be  briefly  recapitulated  as  follows : — 

1.  The  position  of  the  red-brown  days  near  Brigg  resting  against 
ridges  of  Jurassic  clay,  which  are  capped  by  oudiers  of  Chalky 
Boulder-clay  (as  in  fig.  3),  the  two  clays  being  very  different  in 

Fig.  3. — Section  through  Low  Barf,  S,E.  of  Brigg. 
(Horizontal  scale :  2  inches  to  a  mile.) 


d  d 

a,  Allurium,        b.  Red  Clay,        c.  Chalky  Clay.        d.  Oxford  Clay. 

appearance,  and  the  former  occupying  valleys  which  appear  to  have 
been  eroded  out  of  a  surface  composed  of  Oxford  Clay  overspread 
by  a  sheet  of  Chalky  Boulder-clay. 

2.  The  fact  that  a  red-brown  clay  of  similar  type  actually  resta 
upon  a  continuation  of  the  older  Boulder-clay  in  the  district  between 
Market  Basen  and  Langworth. 

3.  The  manner  in  which  the  mottled  days  separate  themselves 
from  the  blue  Boulder-ciay  and  jfrom  a  terrace  or  narrow  tract  along 
the  western  border  of  the  Fenland,  between  it  and  the  highland, 
just  as  they  do  between  the  marshland  of  East  Lincolnshire  and  thQ 
Chalk  Wolds. 

To  these  considerations  may  be  added  the  following : — 

4.  The  actual  superposition  of  the  mottled  day  on  the  blue 
Boulder-day  at  Boston. 

5.  The  relative  positions  of  the  two  days  along  the  north  border 
of  the  Fens  by  East  and  West  Keal,  where  the  Brown  Clay  is 
hanked  against  the  slope  of  hills  capped  with  Chalky  Boulder-clay*, 

6.  The  fact  that,  while  both  Boulder-clays  are  found  at  the  same 
level  south  of  Revesby,  they  each  retain  their  distinctive  colours 
and  characters  and  occur  in  separate  areas. 

*  See  Secf ion  in  Quart.  Joum.  Geol.  Soc  vol.  rav.  p.  405. 
Q.J.G.S.  No.  162.  L 
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§  4.  TJtB  Value  of  ilis  IHvmontd  Litis  htitveen  the  Pttrpfe 
and  Hefsle  Clayn, 

I  wiU  now  assume  what  apj)earB  to  be  the  ontcome  of  the  pre- 
ceding facts,  namely,  that  some  or  all  of  the  Enst  Lineokghirt? 
Boulder- clay  ia  newer  than  the  Upper  Boulder- elav  of  East  Aaglia. 
Whother  all  of  it  he  of  such  newer  date  is  still  open  to  questioa ; 
and  this  brings  me  to  discuss  the  distinction  which  haa  been  made 
betwecQ  the  Purple  and  Hesele  Clays. 

All  the  sections  which  have  como  under  my  Bottoe  (showing  tht^ 
junction  of  these  two  portions  of  the  Boulder-clav  series)  I  have 
examined  with  a  speeial  Tiew  to  this  question  ;  and  I  may  stat*  at 
the  outset  that  I  think  Mr.  Searlcs  Wood  haa  greatly  exaggerated 
the  importance  of  this  line  of  division, 

I  make  a  few  extracts  from  my  notebook  in  support  of  this 
opinion. 

At  South-lleston  brickyard,  6  miles  S.E.  of  Louth,  an  uppr  mi 
lower  clay  are  clearly  visible,  the  upper  being  reddish  browu  streaked 
with  grey,  and  including  near  ita  base  a  lentieular  layer  of  brown 
sand  ;  the  lower  is  of  a  dark  purple  brown,  without  streaks:  these 
beds,  however,  are  only  separated  by  two  feet  of  brownish -purple 
laminated  loam,  which  rests  evenly  on  the  lower  clay,  and  thewhwltf 
forms  an  unbroken  eaecession. 

At  Stewton  brickyard,  two  miles  east  of  Louth,  the  following 
Bection  was  visible  in  1882  : — 

feet* 

Loamy  soil ., ..    % 

R^ddinb  brown  clay,  witJi  lenticular  9cmn%  of  lQ«my  sand 

and  §ilt 4 

Yellowisb-broisTi  sand „.... |-t| 

iJark  purplish-brawn  cky.  seen  for 6 

The  sand-bed  includes  patches  or  layem  of  Boulder-day,  and 
appears  to  be  intimately  connected  with  the  clays  abrjve  and  below, 
At  one  place  it  thickens  to  2  feet,  and  haa  a  layer  of  small 
pebbles  at  the  base,  but  it  ia  certainly  not  an  important  line  of 
division.  The  sides  of  the  joint-jdanes  and  cracks  in  the  upper  cluy 
are  ash-coloured,  but  those  in  the  lower  are  in  places  stained  with 
dark  greyish-blue,  which  would  probably  become  tish-grey  if  exfiosed 
more  to  atmoj^pheric  action ;  nioreoTer,  the  top  of  the  lower  clay 
immediately  underlying  the  sand  is  of  the  same  reddish  tint  a*  tbe 
upper  clay.  This  seems  to  suggest  that  the  colours  of  the  upper 
clay  are  due  to  alteration  by  snrface  agencies. 

Both  here  and  at  Rcstou  the  upper  clay  is  said  to  bum  rt»d  in 
bricks,  while  the  lower  clay  burns  white ;  can  it  be  that  there  i« 
more  oxide  of  iron  in  the  former  ?  and  is  the  purple  colour  of  th^ 
lower  clay  partly  due  to  carbonate  of  ii'on  ? 

The  brickyard  in  James  Street,  Louth,  shows ; — 

foot 
Heddiflh  cloy  (groy-«tT€Jiked),  with  a  biae  of  hard  aiwdy 

and  st^my  Ivmm „.• ..-     H 

Purple-brown,  cLay,  witb  fewer  itonea    «.*.•--  I'l 
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The  junction  here  is  level,  and  no  signs  of  erosion  are  visible. 
Further,  in  another  brickyard  south  of  the  town,  a  similar  reddish 
day  passes  downward  into  purple-brown  clay  without  any  kind  of 
separation. 

I  also  found  the  same  complete  passage  f^om  one  kind  of  clay 
into  the  other,  shown  in  a  brickyard  at  Ludborough ;  the  section 
here  was : — 

feet 

Clean,  stiff,  loam^r  clay  2 

Stratified  sand,  with  layers  of  loam 5 

Beddiah-brown  clay  with  grey  streaki,  paasbg  down  into 
purple-brown  oUy  with  bluish  atreaas  and  then  into 
uniform  bluish-brown  clay 13 

At  Cleethorpes,  where  Mr.  Searles  Wood  himself  says  that  the 
Forple  Clay  is  seen  capped  with  Hessle  Clay  along  the  clifis,  the 
appearances  are  in  reality  similar  to  those  above  described  at  Lud- 
borough. Near  the  steps  which  lead  down  on  to  the  shore  the  cliff 
is  about  30  feet  high ;  at  its  base  there  is  about  7  feet  of  purplish 
•day  passing  upward  into  hard  reddish  clay  streaked  and  mottled  with 
light  grey ;  along  the  horizon  of  passage  there  is  an  appearance  of 
Gratification,  but  no  well-marked  line  of  division.  The  whole 
forms  one  solid  mass  traversed  by  the  same  planes  of  jointing  or 
fracture. 

When  traced  in  either  direction,  stnall  lenticular  beds  of  yellow 
sand  may  be  found,  some  distinctly  within  the  limits  of  the  reddish 
day,  some  about  the  horizon  of  passage,  but  all  of  them  discon- 

tlBUOUS. 

I  may  add  that  my  colleagues,  Messrs.  Beid  and  Strahan,  agree 
with  me  as  regards  the  complete  passage  from  one  day  to  the  other 
at  Cleethorpes. 

I  have  not  personally  visited  the  Holdemess-coast  sections ;  but 
Mr.  Lamplugh,  who  studied  them  closely  and  continuously  for  some 
years,  informs  me  that  there  is  nothing  which  exactly  corresponds 
to  Mr.  8.  Wood's  representation  of  the  Hessle  Clay,  **  though  there  u 
an  uppermost  Boulder-clay,  generally  reddish  brown  in  colour, 
which  may  be  traced  for  miles  along  the  coast."  This  reddish  clay, 
however,  is  as  well  developed  to  the  north  of  Flamborough  Head  as 
it  is  to  the  south  of  that  point ;  while  the  Hessle  Clay,  as  defined 
by  Mr.  8.  Wood,  does  not  reach  so  far  northward  as  Bridlington. 

In  a  recent  letter  to  me,  Mr.  Lamplugh  says : — ^'  I  do  not  believe 
in  any  important  unconformity  between  this  clay  and  the  beds 
below  it,  and  the  more  I  see  of  our  glacial  sections,  the  more  dis- 
bdined  am  I  to  believe  in  any  great  break  in  the  sequence  of 
events.  The  best-marked  unconformity  that  I  know  of  is  at  the 
base  of  the  Purple  Clay  in  this  neighbourhood  [Bridlington]  ;  but 
at  Dimlington  even  this  break  is  not  nearly  so  clear." 

This  line  of  erosion  did  not  escape  Mr.  8.  Wood  ;  he  says  that  the 
basement  day  ^*  is  overlapped  in  every  direction  by  another  thick 
bed  of  Boulder-day,  to  which,  in  most  of  its  exposures,  it  presents 
a  very  denuded  sud&ce,  rising  up  beneath  it  in  bosses,  and  in  some 

l2 
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gBoefl  divided  from  it  by  the  beds  marked  L  (mmh  and  js^raTeli**. 
e  adds  that  though  sometimes  it  is  difficult  to  say  where  one  ciij 
ends  and  the  other  begiiis,  in  other  places  the  divinoD  is  twt 
distinct, 

I^  Qw  the  fflcts  1  have  adduced  appear  to  me  sufficient  of  themselves 
to  invalidate  Mr*  S.  Wood's  elafsification,  and»  as  a  nece«aTT 
consequence,  to  destroy  the  »iiperstrticture  of  theorj^  which  he  hii 
built  npon  it.  Mr.  Wood  hjirdly  seemn  to  recognize  the  differene* 
between  widespread  uncoriforaiity  and  loeal  contemporaneous croiwn. 
If  the  Bnccc8sinn  were  broken  in  the  rannner  assunied  hy  i£r.  Wood. 
and  if  the  interral  between  the  fomiation  of  the  Piirfjle  Clay  md 
the  He8«le  gravel  were  of  such  length  and  importance  that  it  c*>uW 
be  taken  as  the  line  of  diTipion  between  the  Glacial  and  Po?t-glaci«l 
period;*,  then  this  break  must  be  a  widespread  one,  and  mast  be 
universal  throughout  the  ef^st  yorkshire  and  Lineobishire  area. 

But  if,  on  the  contrary,  it  can  be  proved  that  at  two  or  three 
localities  there  is  a  complete  passnge  from  one  clay  into  the  other, 
then  it  is  clear  that  the  break  is  not  a  universal  one,  and  the  line 
of  division  becomes  one  of  comparative  insignificance. 

In  the  face  of  such  (sections  as  those  at  Cleethorpes,  Louth,  and 
Ludborough,  where  no  break  exists,  it  is  useless  to  multiply  instances 
where  the  clays  are  separated  by  bed. '4  of  gnivel  and  sand,  and  wbeft 
some  local  erosion  appeal's  to  have  triken  place.  8till  more  unr?** 
son  able  is  it  to  arsrue  from  these  loc^d  appearances,  and  from  the 
occurrence  of  Ct/rena  Jfnmhutfi,^  h\  the  gnivcls,  that  the  Heasle  bed^ 
should  not  be  regarded  as  Ulaeial,  but  as  Post-glacial  deposits. 

I  can  see  no  valid  reason  why  I  be  whole  series  of  Boiddcr-cUy» 
and  gravels  in  eant  Yorkshire  and  Lincolnshire  should  not  be 
elaSv^itied  as  Glacial  i  and  I  look  ui>on  those  alwve  the  basenieDt 
clay  as  forming  one  continuous  series,  so  far  iis  any  series  of  Glacial 
deposits  can  l>e  called  coiUi nanus.  That  caries  of  local  erosion  by 
current-s  should  occur,  and  that  beds  of  gravel  and  sand  should  be 
intercabitii^d  between  the  Boulder-elays,  are  natural  incident*  in  • 
series  of  deposits  which  have  been  formed  near  coast-lines  hy  the 
ogeney  of  marine  ice:  and  my  conviction  that  these  Boulder-el  up 
have  been  so  formed  has  only  been  deepened  by  my  receot 
ex]ierienccs  and  observations. 

In  section  3,  we  came  to  the  conclusion  that  the  brown  and 
mottled  clays  of  the  Fen -border  and  the  Ancholme  valley  wttt 
newer  than  the  Chnlky  H^mlder-clny  of  those  districts ;  farther  that 
there  was  a  decided  break  and  an  apparent  nnconfnrmity  betwei'D 
the  two  groups.  In  the  last  .•section  I  denied  I  he  existence  of  any 
break  in  the  Brown-clay  series  of  East  Lincolnshire  (•",/.  the  INirple 
and  Hessle  Clays),  and  showed  that  Mr,  Lamplugh  holds  the  same 
opinion  with  regard  to  the  continuity  of  this  grmip  along  the 
Holdeme«s  coast.  It  seems  therefore  only  reasonable  to  ot>ncltule  in 
the  first  place  that  the  lilacial  beds  found  on  the  west  4iid  on  the 
•  Quart.  Joum.  Geol.  Soe,  vol.  ixir.  p.  147. 
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east  of  the  Lincolnshire  Wolds  do  not  form  parallel  series.  If  the' 
Chalky  Bovdder-clay  and  the  Purple  Boulder-clay  were  correla- 
tivesy  we  should  he  confronted  with  the  anomaly  of  a  continuous 
sacoession  existing  on  one  side  of  the  Wolds,  while  there  is  a 
discontinuous  succession  on  the  other. 

Assuming  that  they  arc  not  parallel  series,  and  also  supposing 
for  the  moment  that  the  hrown  clays  on  either  side  of  the  dividing 
ndge  in  Lincolnshire  are  complete  correlatives,  then  it  is  the 
Chalky  Clay  which  is  unrepresented  on  the  eastern  side.  Now  in 
East  Lincolnshire  the  hase  cannot  he  seen ;  but  in  Yorkshire  there  is 
a  grey  and  chalky  Basement-clay  (beneath  the  Purple-clay)  which 
was  originally  regarded  by  Messrs.  Wood  and  Rome  as  the  equivalent 
of  the  Upper  Glacial-clay  of  East  Anglia.  Moreover  we  have  Mr. 
Lamplugh's  testimony  as  to  the  appearance  of  a  break  with  more 
or  less  unconformity  between  this  Basement-clay  and  the  overlying 
Purple-clay. 

I  have  little  hesitation  therefore  in  considering  the  Basement- 
day  of  Holdemess  the  sole  representative  of  the  grey  and  white 
Boulder-clays  of  Lincolnshire,  and  in  regarding  the  overljing  beds 
of  Brown  Boulder-clay,  with  their  associated  loams,  sands,  and 
gravels,  as  newer  and  higher  members  of  the  great  Glacial  series. 

This  conclusion  differs  from  that  recently  enunciated*  by  Mr. 
Searles  Wood,  but  it  is  not  the  only  point  on  which  his  earlier  views 
appear  to  me  to  be  sounder  that  those  he  has  subsequently 
elaborated. 

The  position  of  the  chalky  "  Basement-clay  '*  at  and  below  the 
sea-level  in  Holdemess,  while  on  the  Wolds  of  Lincolnshire  it  rises 
to  a  great  height  above  the  sea,  offers  no  difficulty  to  this  correlation  ; 
because  tbe  same  clay  occurs  at  nearly  as  low  a  level  on  the  west 
side  of  those  Wolds.  I  apprehend,  indeed,  that  the  Chalk  Wolds  were 
at  one  time  completely  mantled  by  the  *'  Chalky  Clay  "  from  side  to 
side ;  just  as  the  Jurassic  ridge  was  clearly  so  covered  in  Butland 
and  South  Lincolnshire. 

Fig,  4. — Diagram  to  show  the  Erosion  of  the  Chalk  Wolds, 
o 


O,  older  Boulder-clay.    N,  newer  Boulder-day. 

The  available  evidence  seems  to  indicate  that  the  eastern  slope  of 
the  Chalk  Wolds  was  invaded  and  destroyed  by  marine  erosion 
during  a  subsequent  submergence,  at  or  immediately  before  the  time 
when  the  newer  (brown)  clays  were  de|)08ited,  i^d  that  these  were 
laid  down  upon  the  plane  of  erosion  so  formed.  This  idea  is 
expressed  in  fig.  4,  which  is  not  a  section  along  any  particular  line, 
but  only  a  diagrammatic  representation  of  the  relations  above 
suggested,  the  plane  of  erosion  being  partly  across  the  Basement- 
*  Quart.  Joum.  Geol.  Soc.  vol.  xxxvi.  p.  527.  and  xxxviii.  p.  712. 
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day  and  parti j  acrosa  the  Chalk,  and  the  broken  line  indicating  the 
ori|?inal  elope  of  the  latter- 
There  reniaiiiB  another  question  to  be  coDsidered,  and  fchie  is  the 
importaDce  or  magnitude  of  the  break  above  indiealred  between  the 
Chalky  and  Purple  Boulder- clays.  This  break  would  appear  to  be 
greater  in  the  valley  of  the  Aucholme  than  in  Holdemess,  and  it  is 
quite  posaible  that  part  of  the  Purple  Clay  may  be  absent  from  tbo 
former  district.  It  ia  at  any  rate  very  likely  that  there  iras  & 
more  coutinuoua  formation  of  Boulder-clays  on  the  eastern  than  on 
the  western  side  of  the  Wolds,  since  the  ice  which  formed  them 
dearly  came  from  the  east  and  north-east.  It  ia  also  not 
improbable  that  current-erosion  may  have  been  going  on  in  the  one 
locaUty  while  deposition  waa  takin^^  place  in  the  other. 

The  thickness  of  the  Hessle  and  Purple  Clays  on  the  eagtern  mde 
of  the  Wolds  is  certainly  great<?r  than  that  of  the  similar  clay  in  the 
vaDey  of  the  Aneholme,  and  this  also  is  in  favour  of  the  supposition 
that  some  of  the  Purple  Clay  is  wanting  in  the  latter  diathct  On 
the  borders  of  the  estuary  of  the  H umber  the  Purple  Clay  certainly 
thins  out  westward,  and  allowa  the  Heatde  beds  to  rest  on  the  Chalk. 
The  clay  about  Winterton  resembles  the  Purple  Clay,  but  that  to 
the  southward  near  Brigg  is  certainly  more  of  the  Hes4e  type. 

Without  discussing  the  physical  conditions  of  the  Glacial  period 
or  the  exact  manner  in  which  BouMer-olays  were  formed,  I  will  only 
indicate  the  general  secpienoe  of  events  which  a  oonsideration  of  all 
the  facts  known  to  me  has  suggested. 

To  my  mind  the  frequent  occurrence  of  stratified  beds,  and  the 
actual  existence  of  marine  ahelk  at  more  than  one  horizon  in  the 
Brown- clay  series,  is  sufficient  evidence  that  the  area  of  deposition 
was  essentially  marine,  and  that  the  materials  were  borne  by  marios 
ice. 

The  basement  beds  of  the  Glacial  aeries  of  Norfolk  give  iodi- 
cations  of  continued  depression  and  a  gradual  deepening  sea,  tiD  the 
whole  of  eastern  and  midlnnd  England  was  submerged,  and  Chalky 
Boulder- clay  was  spread  like  a  sheet  over  the  whole  surface. 

This  aubmergence,  one  of  at  least  iW)  feet,  must  have  tended  to 
ameliorfite  the  climate,  and  to  cut  off  the  supply  of  Buulder-clav* 
Eventually  if  the  direction  of  the  earth -movement  wa»  reversed  and 
gradual  elevation  ensued,  surfaces  of  the  grey  Chalky  Boulder-clsj 
would  be  exposed,  first  to  current- erosion,  and  then  to  aubaeri&l 
detrition. 

With  the  partial  upheaval  of  the  land,  however,  glacial  conditioni 
would  return ;  Boulder-clay  would  again  be  formed,  and  this  for 
some  reason  seems  to  have  been  generally  of  a  purple-brown  oolour« 
It  was  formed  more  contiuuoui^iy  on  the  eastern  side  of  the  Wolds 
than  on  the  western  :  but  the  Wold  lulls  may  only  have  been  at  this 
epoch  a  submarine  ridge,  or  a  peninsula  of  very  slight  elevation.  If 
the  Wolds  were  Rbove  water  during  the  formation  of  the  Purple 
Clays,  there  must  have  heeti  another  movement  of  depression  so  us 
to  allow  the  Hessle  Clay  to  be  deposited  on  surfaces  which  are  now 
nearly  400  feet  above  the  sea.     The  extension  of  shore-dejxjsitfl  with 
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marine  shells  in  North  Lincolnshire  to  levels  of  ahout  200  feet  may 
be  evidence  of  this  depression.  During  this  submergence  the  glapiid 
conditions  seem  to  have  passed  away,  and  the  land  was  gradually 
and  finally  reelevated. 

We  may,  with  Mr.  Searles  Wood,  call  the  two  epochs  when  thick 
masses  of  Boulder-clay  were  formed,  the  periods  of  major  and  minor 
^aciation ;  but  the  latter  would  for  me  include  the  formation  of  the 
Purple  Clay.  It  is,  indeed,  this  point  which  I  wish  to  bring  out  in 
a  strong  light ;  the  paragraphs  I  have  just  written  are  purely  theo- 
retical and  may  not  really  represent  anything  like  the  actual 
sequence  of  events  ;  but  my  statement  of  the  close  connection  between 
tiie  Purple  and  Hessle  Ci&ys  rests  upon  personal  observation  and 
not  upon  theoretical  grounds.  What,  therefore,  I  chiefly  insist  upon 
is  this,  that  if  there  is  any  one  great  break  in  the  Glacial  senes, 
corresponding  to  a  decided  change  in  physical  conditions,  this  break 
is  not  at  the  base  of  the  Hessle  beds,  where  Mr.  Searles  Wood  puts 
it,  but  at  the  base  of  the  Purple  Clay  in  the  Holderness  section. 

I  do  not  propose  to  do  away  with  the  terms  Hessle  and  Purple 
Clay,  because  Uiey  may  be  useful  as  indicating  certain  horizons  in 
the  Brown-clay  group.  I  only  wish  to  correct  what  appears  to  me 
an  error  in  the  accepted  classification  of  the  Glacial  series,  and  to 
degrade  the  Hessle  Clay  from  a  position  of  primary  importance  to 
one  of  secondary  or  perhaps  even  of  third-rate  rank. 

1  would  simply  tabulate  the  Glacial  series  as  below : — 

LincolnBhire.  Yorkshire. 

Newer  Glacial  I  ^^^^®  ^^^'  ^^^^  ^^*y- 

r<ewer  liiaciai . . . .  |  p^^j^  ^^^  p^^p^^  ^^^ 

(  Chalky  Clay.  Basement  Clay. 

Older  Glacial    <  Cromer  Series  (includ- 

[     ing  Middle  Sands). 


Discussion. 

Mr.  ITssHEB  expressed  his  agreement  with  the  views  of  the  author, 
so  far  as  the  Brigg  section  is  concerned.  He  had  been  greatly 
indebted  to  the  author  in  arriving  at  correct  ideas  on  the  relation  of 
tile  Boulder-days  while  mapping  that  district. 

Kr.  C.  Reib  had  surveyed  part  of  North  Lincolnshire  and  Holder- 
ness. He  thought  that  the  Hessle  Clay,  at  Hessle,  is  only  a  weathered 
and  decalcified  Boulder-day,  and  it  was  unsafe  to  correlat<e  it  with 
the  beds  at  Eelsey  Hill  or  on  the  coast.  He  insisted  that  the 
different  colours  of  the  Boulder-clays  and  the  absence  of  chalk  from 
them  were  frequently  due  to  weathering. 

Mr.Ds  Rakce  asked  the  last  speaker  if  the  sheUs  in  the  Boulder- 
clays  were  similar  in  type  to  those  found  in  the  intercalated  sands. 
He  wished  to  know  if  there  were  any  real  evidence  of  intercalation 
of  a  fauna  characteristic  of  a  milder  climate  than  that  indicated  by 
the  shells  of  the  Boulder-clay. 
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Mr.  C.  Reid  replied  that  there  were  only  fragments  of  fiWH  in  iht 
Boulder-clay. 

Mr.  ToPLEY  remarked  that  differenceB  in  opinion  on  tliese  tbeort'tical 
questions  were  naturally  entertained  by  ditftirent  members  of  the 
Survey:  Ho  sug^ge^ted  that  the  differences  between  the  Bouldor- 
clays  on  the  two  aides  of  the  Chulk  1^'old  might  perhaps  be  explained 
by  the  whole  being  formed  by  an  ice-sheet  coining  from  the  n<nlh- 
east,  which  carried  Scandiua^n  rocks  over  the  North  German  [jkin, 
and  some  as  far  as  the  English  coast. 

The  AiiTHOR  replied  tc»  Mr.  Topley  that  brown  clays  were  found  on 
both  sides  of  the  Clialk  Wold,  some  of  those  on  the  west  of  the  w<>ld 
being  identical  in  character  with  the  Hessle  Clay,  and  such  as  cDuld 
not  have  been  derived  from  the  blue  chalky  clay  by  any  process  of 
weathering,  8ome  of  what  has  been  called  Heasle  Clay  may  h^e 
been  so  derived  from  the  Purple  Clay. 
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17.  The  Metamorphosis  of  Dolerite  into  Hornblende-schist. 
By  J.  J.  H.  Tball,  Esq.,  F.G.S.     (Read  January  14,  1885.) 

[Plate  II.] 

The  object  of  this  communication  is  to  describe  the  gradual 
change  from  dolerite  tx)  hornblende-schist  as  it  may  be  observed 
in  two  more  or  less  parallel  dykes  which  occur  in  the  Archaean 
gneiss  of  the  north-west  of  Scotland,  near  the  village  of  Scourie  in 
Sutherlandshire. 

The  northern  promontory  of  Scourie  Bay  is  named  on  the  Ordnance 
map  Creag  a'Mhail.  Near  this  point  two  dykes  of  basic  igneous 
rock  may  be  seen.  The  one  to  the  south  is  about  30  yards  wide ; 
it  has  been  more  affected  by  denudation  than  the  surrounding 
gneiss,  and  its  course  is  thus  marked  by  a  depression  which  is 
occupied  by  the  sea  at  high  tide.  A  short  distance  to  the  north 
of  the  actual  promontory  is  another  dyke,  about  20  or  30  feet  wide, 
of  similar  character,  wl^ich  terminates  westward  in  a  vertical  clifP. 
This  may  be  traced  in  a  south-easterly  direction  down  to  a  small 
beach  where  the  southern  dyke  is  again  seen,  and  from  this  point 
the  two  dykes  may  be  followed,  running  parallel  to  each  other 
towards  the  south-east,  for  a  distance  of  a  quarter  of  a  mile  or  more. 
The  prevalent  strike  of  the  gueissic  banding  in  this  district  is 
E.N.E.  and  W.S.W.,  with  a  moderate  dip  to  N.N.W.  The  dykes 
therefore  cut  across  the  strike  and  cannot  possibly  be  regarded  as 
bands  in  the  gneiss. 

On  the  opjwsite  shores  of  Scourie  Lake  (Loch  a'  Bhaid  Daraich) 
and  close  by  the  side  of  the  road  to  Laxford  Bridge  (three  (juarters  of  a 
mile  from  the  Scourie  Hotel),  the  dykes  again  make  their  api>earanco. 
Prof.  Blake  first  recognized  the  northern  dyke  at  this  spot  on  the 
occasion  of  our  joint  excursion  to  the  north-west  of  Scotland  in  the 
snnuner  of  1883.  This  dyke  is  here  the  wider  of  the  two  and 
forms  a  portion  of  the  conspicuous  hiU  which  overlooks  the  lake. 
The  southern  dyke  produces  a  marked  gap  to  the  south  of  the  hill. 
The  distance  between  the  two  dykes  is  only  a  few  yards.  The 
junction-planes  of  gneiss  and  dyke  are  nearly  vertical,  and  the  fact 
that  they  cut  across  the  gneissic  banding  is  most  clearly  shown. 

From  this  point  the  dykes  may  be  traced  to  the  south-east  for 
more  than  a  mile.  What  becomes  of  them  ultimately  in  this 
direction  I  do  not  know  ;  but,  so  far  as  I  followed  them,  they  keep 
very  closely  to  the  same  straight  line  and  preserve  their  lithological 
characters  (subject  to  such  exceptional  variations  as  will  presently  be 
described)  with  as  much  persistence  as  the  dykes  in  the  Carboniferous 
region  of  the  north  of  England. 

The  rock  forming  these  dykes  occurs  in  two  strongly  marked 
varieties.      The  one  is  a  moderately   coarse-grained,  crystalline, 
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granular  rock  of  true  igneouB  character*^  the  other  a,  tj^pical 
hornbleiide-soliisL  Tliese  two  varieties  shade  into  each  other  by 
the  most  imperceptible  gradationa.  The  distribution  of  the  two 
varieties  throughout  the  dykes  19  somewhat  irregular.  In  many 
places  and  for  conaiderable  distance  no  trace  o£  foliation  can  be 
detected,  in  othors  the  whole  mass  of  the  dyke  u  foliated.  The 
prevalent  etrike  of  the  foliation  in  the  di«trict.  lying  to  the  south- 
east of  the  hill  overlooking  th€  lake  is  nearly  at  ri^ht  angles  to  the 
course  of  the  dykee,  and  therefore  parallel  with  the  strike  of  the 
prevalent  gneiasic  banding. 

In  some  places  the  distribution  of  the  foliated  and  uoD-foUitted 
varieties  is  extremely  irregular  ajid  quite  independent  of  the  couiw 
of  the  dyke  i  at  others  it  exhibits  a  marked  tendency  to  bend  round 
so  as  to  become  parallel  with  the  margins.  This  latter  feature  i« 
especially  developed  at  certain  pointj*  where  the  gneiss  and  dyke 
become  very  intimately  blended  along  the  junction -planes,  owing  to 
the  extension  of  tongues  and  tlame-like  procesaes  of  the  dyke  into 
the  gneiss.  At  these  points  there  ib  often  perfect  parallelism  between 
the  foliation  of  the  gneiss  and  dyke,  and  it  is  possible  t-o  obtain 
hand  specimens  in  which  the  rock  of  the  dyke  is  represented  by  a 
band  of  horn  blende- schist  in  the  gneiss. 

The  jointing  of  the  dyke  ia  often  very  irregular,  the  plaiiea 
appearing  bent  and  twisted.  This  may  be  well  seen  at  the  gmall 
beach  on  the  north  side  of  Scourie  Bay%  Tcins  of  quartz  traverse 
the  dyke  in  certain  places,  and  at  the  email  beach  above  referred 
to  a  vein  of  nearly  pure  felspar  occurs.  The  eurface  of  the  felspar 
is  weathered,  but  the  main  mass  is  very  fresh.  One  cleavage  is 
strongly  marked,  so  that  the  mineral  has  a  platy  structure.  Twin- 
striation  is  not,  as  a  rule,  recognizable  ;  but  Br.  Treebmann  tells  me 
that  the  principal  cleavage  is  parallel  to  the  brachypinacoii  and 
that  would  account  for  it.  la  one  cage  I  have  observed  twin -striation 
on  a  cleavage -face.  To  determine  the  specific  gravity,  seven  small 
grains  of  the  pure  felspar  substance  were  selected.  In  a  Sonstadt 
solution  having  a  sp.  gr,  of  2*638,  two  rose,  one  remained  Buspendedi 
and  four  sank.  In  a  solution  the  sp.  gr.  of  which  was  2*tW4» 
three  rose,  one  remained  suspended,  and  three  sank  ;  and  in  ooe,  the 
sp.  gr.  of  which  waa  2*0i54,  three  rose,  and  four  remained  suspended. 
The  speciBc-gravity  detemiinatione  therefore  indicate  ande«ine,  and 
this  ie  confirmed  by  the  following  analysis  :— 


*  A  dyke  Imring  the  eamo  strike  and  conipOBod  of  •  mok 
Similar  to  the  une  here  referred  to  occurs  on  the  N.E.  Aon  of  liMh  Ohtt 
OouL  The  wjiter  of  the  lake  i*  io  contjwjt  with  the  dyke  for  some  dieting. 
If  th©  Scourie  dvkes  ttpre  continued  toward*  the  S*E.  in  ibe  Mm«  ftnufbt 
liii«  \hej  wt>uld  jme9  a  mile  or  two  to  the  N.B.  of  ibo  Ql«ii-Ooul  djke. 
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Andesine  from  Scourie  Dyke  *• 

SiO, 6816 

AlA 26-66 

CaO  679 

MgO -66 

Na,0 6-09 

K,0  1-76 

10001 
The  recent  work  of  Descloweauxt  appears  to  have  placed  beyond 
doubt  the  independent  existence  of  andesine.     I  now  proceed  to 
describe  in  detail  the  lithological  characters  of  the  principal  varieties 
of  rock. 

DoUrite  (Diabase  ?).  The  least  modified  specimens  are  dark  in 
colour  and  coarsely  crystalline  in  texture.  The  augite  grains  and 
crystals  frequently  measure  1  mm.  across,  and  the  felspars  2  mm. 
X  '6  mm.  Three  specific-gravity  determinations  made  on  samples 
from  different  localities  gave  3-106,  3*106,  and  3-086.  A  bulk- 
analysis  of  the  rock  yielded  the  following  result  t : — 

8iO, 47-46 

TiO, 1-47 

A1,0, 14-88 

Fe.O, 2-47 

FeO 14-71 

CaO 8-87 

MgO 6-00 

K,0 -99 

NaO    2-97 

H,0 100 

CO, -36 

100-12 

Under  the  microscope  the  rock  is  seen  to  consist  of  felspar,  augite, 
tttaniferous  magnetic  iron-ore,  apatite,  and  some  secondary  products, 
iBduding  hornblende,  chloritic  minerals,  quartz,  and  pyrites.  The 
seeondary  minerals,  however,  occur  only  in  very  small  quantity. 

The  felspar  is  usually  present  in  lath-shaped  sections  of  the  t3rpe 
Qommon  in  dolerites  and  diabases ;  but  occasionally  plates  of  felspar 
baving  a  polysynthetic  structure  may  be  recognized,  in  which  the 
individual  portions  are  not  bounded  by  any  definite  crystalline  faces. 

In  the  freshest  slides  the  felspar^sections  are  often  perfectly  limpid, 
bnt  as  a  rule  they  show  traces  of  alteration,  and  in  some  cases 

*  Dr.  Heddle  gives  four  analyses  of  andesine  in  his  paper  on  the  Scotch 
Mspars,  Traas.  Boj.  Soc.  Edm.  xxviii  p,  246. 

t  BulL  8oa  Mia  Franee.  July  1884. 

I  Tfii  and  S  (in  FeSj)  were  not  estimated.  The  PjO.  is  therefore  reckoned 
with  Al^O,.  The  water  was  determined  absolutely.  Tnere  was  a  slight  gain 
*m  ignition,  showing  that  the  oxygen  taken  up  by  the  FeO  was  more  than 
soffiment  to  counterbalance  (he  loss  due  to  expulsion  of  water  &o. 
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L^^!J  J,  J-  ?r.  fKU,L  0^  TUT.  \lKT\3Hinj*H0Slft  or 

liitVL^  la,^l  ull  irNliviJiid  in'tion  im  pffltiri/eil  ligliL  In  tbo  hectioni 
M'ljit'Ji  uru  in^irt"  or  Ju^^  tuibid.  tin-  rrufkii  mu  fnqiienUy  stnined 
with  liiinHiirir  livtiiMJiiLfsirimi-jniHlucLs,  Yyrh>u,^  iiiddt***  of  twiuniug 
mux  lie  nlisrivid.  Shii|>k'  iiVi^trLl^  and  ] Hilary  lwiii&  an*  comniou  ; 
>o  uiso  tiTv  srL'tioD^  sliowin*;  vtTV  Ihir  iuulri|de^  twiiirjiiii^  and  thecruiis 
liEihliiiitr  itttrhiulid  to  ^tmuJlLiiitouf?  twiLiiiin^  uu  the  albite  aad 
Ijuriulinc  tyiH>. 

('jphOEi!  tiaoiutiliis  dm  to  ^Iruiii  air  rniiiu^nily  rLVogDiziiLk*  The 
txlnatiuii-s^hridows  ft^vucp  ovyr  tlif  sectinii^  aw  the  rstagt  is  rotxitttl 
undiT  c^up^t■d  iiicola,  'J'he  lines  M.^jmrjithijjr  udjaceut  twifi  lini4*.41a? 
are  frfi|ueiitly  curved  ;  liiuI  tiinLLtdimi*6i,  where  the  limit  of  clu^lk-ity 
lutfi  bi'i-u  txeeeded^  a  viyaUi]  i»  seen  lo  luive  lifen  iruetured.  Tlje 
twin  laiutlhe  ol'teri  j^h^iw  n  j^teaL  i,\ant  td*  jK-r^ihtenee  in  one  iind  the 
srinieeryj.tiil:  and  ^^urnetimi'is  they  a|iiteiir  lube  related  to  the  £raLture& 
in  MKdi  a  Wity  as  tu  ^li^-^gest  thut  tbey  may  be,  in  jijArt,  of  SL"tund;iry 
oriL'in  *, 

rbt*  pyioxeife  oeeurs  in  irrt-^ndar  ^^rain^,  impfrfcct  m-st4dii,  md 
]ilatfs,  whieli  itniy  1>e  eitber  sinipb.'  or  pdy^vrUhetic.  Tbo  lolb- 
^hajjed  tell»^sar>^<>lnetlme!^  penetrate  tbo  pyroxene,  and  the  ruck  tht?il 
pii^jsi>H(h  tbt*  uiilntie  struL-liire  ut  M^L  Li^vy  and  Fnuque. 

In  tb*'  vi  ry  lb  ill  ^eelions  exaniinp<l  tb*.-  pyruxeiK'  is  either  t?olawf- 
le^..^,  ar  very  i»ak*  eboeoiate-brouu.  Tbe  ebaractcn^tic  clemagi'^ 
pHkri/;diitn-tinlH,  mndt-  of  twinninj^,  und  extinction-angles  prove  voj 
ebarl)'  that  ibo  niintrid  is  a  t\|iiciil  nionoiliniu  pyroxene. 

Tbe  bnlk-nnalysjiH  of  the  roek  nitiktii  it  in  the  highest  degree  pro- 
liable  that  the  mineral  is  exlienndy  riuh  in  ferrous f  oside. 

The  lltiiii iter* HIE?  magnetic  irtni-ure  oec'urs  in  irregitlar  plates^  iifl4 
snmutime^s  in  what  ii]ipear  to  be  skelHon  rbnmboliodra.  Apatite  is 
jiresent  in  the  usual  cnhiurles^  !iexaj»unal  priisms.  Quartz  and 
ehloritie  niinerals  may  hv  reeogni^ed^  buth  doubtless  of  j^ecoudary 
^jrigin,  and  ueca.^iunally  1  be  pyroxenris  seen  pa^siing  over  into  green 
bornbknde,  the  cbaraiteristie  mineral  of  the  ruck  now  to  be  de^icribed* 

Hot' tiftlt tuft -M'hi*L  T\w  rock  in  it:*  typienl  development  is  a  fine 
bHrous  hcbist.  On  a  Jiiitnral  fjice  nt  right  angleja  to  the  schi^tofiily 
the  foljtiti<>n  is  otten  t^trougly  marked  by  jilterimting  lenticubir  banii 
of  dark  and  light  colour^  the  former  btdng  rieh  in  hornblende,  lb« 
latter  in  qimn/:  and  felfipar  (see  lower  part  of  tig,  1  )•  As  a  rule,  ih9 
bands  do  not  sliow  from  [ding  or  [mekering;  but  in  oneeisse  thk  was 
observed.  The  individual  constituent j^  of  the  schiist  aremii^sii  ftnialleT 
tban  ihijHt)  of  tbe  doh/rite.  The  average  aim  of  the  sectioiifl  of 
homljlende  exjHi^^ed  in  a  slide  eut  iit  right  angles  to  the  echistodty* 
and  parallel  to  the  direction  in  wbicli  tbe  long  axes  of  the  hoHi' 
blende  grain^^  iire  usually  arranged,  ia  somewhere  about  -4  mm.  x 
•J5  mm. 

Tbe  s[M?rific  gravities  of  two  epecimena  of  the  schist  were  fouud 
to  tie  IVl  it  and  ;i"122.     There  is  therefore  ii  very  close  agreenaent 

•  Lehmann, '  Dio  Entstehimg  dor  altkryatalliniachon  Scbiefergestein«>'  p.  106» 
plate  c.  fig.  1. 

t  See  "Analysis  of  Whin  Sill  pyroxene,"  Q.  J.  G.  S.  1884,  p.  WS. 
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between  the  dolerite  and  the  hornblende-schist,  so  far  as  specific 
gravity  is  concerned.  A  bulk-analysis  of  the  schist  also  shows  a 
close  agreement  with  that  of  the  dolerite : — 

SiO^ 49-78 

TiO, 2-22 

A1,0, 1313 

Fe^O, 4-35 

FeO 11-71 

MnO -27 

CaO 8-92 

MgO 5-40 

K,0    1-05 

Na,0 2-39 

CO.  • -10 

H,0   1-14 

100-46 

The  slightjy  greater  percentage  of  silica  in  the  schist  is  exactly 
what  the  microscopic  analysis  would  lead  one  to  expect.  It  would 
be  interesting  to  know  whether  this  is  a  constant  feature,  and,  if  so, 
whether  the  silica  has  been  introduced  from  without,  or  whether 
bases  have  been  removed.  The  isolation  and  separate  analysis  of 
the  individual  constituents  of  the  two  rocks  would  probably  lead  to 
iateresting  results.  The  fact  that  the  schist  contains  more  iron  in 
the  ferric  state,  suggests  that  an  oxidation  of  a  portion  of  the  iron 
occurs  in  the  change  from  augite  to  hornblende.  This  would  effect 
the  liberation  of  a  certain  amount  of  silica ;  and  it  is  interesting  to 
note  that  in  certain  granular  varieties  of  the  rock,  in  which  horn- 
blende occurs  to  the  exclusion  of  augite,  detached  grains  of  a  clear 
mineral  resembling  quartz  may  frequently  be  seen  scattered  through 
a  plate  of  hornblende  having  definite  optical  properties. 

The  constituents  of  the  rock  are  hornblende,  quartz,  felspar, 
or  minerals  resulting  from  the  modification  of  felspar,  titaniferous 
magnetic  iron-ore,  sphcne,  and  apatite.  The  rock  is  to  all  intents 
and  purposes  holo-crystalline  and  possesess  the  true  micro-structure 
of  a  schist. 

The  hornblende  oocuiy  in  irregular  grains,  which  possess  definite 
optical  properties,  but  are  without  external  crystalline  faces.  They 
are  usually  of  unequal  dimensions  in  the  different  directions,  and  the 
corresponding  axes  of  the  different  grains  lie  roughly,  but  not  rigidly, 
parallel  to  each  other  in  the  rock.  The  longest  diameter  of  a  grain 
usually  corresponds  approximately  to  the  vertical  axis  of  the  crystal, 
and  lies  in  the  plane  of  schistosity  ;  the  mean  diameter  corresponds 
with  the  orihodiagonal,  and  also  lies  roughly  in  the  plane  of  schist- 
osity ;  the  shortest  diameter  corresponds  with  the  clinodiagonal,  and 
lies  at  right  angles  to  the  plane  of  schistosity.  The  general  tendency 
to  this  mode  of  arrangement  is  admirably  brought  out  when  a 
section  at  right  angles  to  the  plane  of  schistosity  and  parallel  to 
the  direction  of  arrangement  of  the  longest  diameters  is  compared 
with  one  parallel  to  the  plane  of  schistosity.      On  rotating  the 
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former  section  over  the  polarizer,  the  vast  majority  of  the  grains 
are  seen  to  change  from  a  rich  deep  green  to  a  very  pale  green iah 
yellow.  The  green  tint  appears  when  the  direction  of  schistosih; 
lies  approximately  parallel  to  the  plane  of  Yibration,  and  is  due  to 
the  fact  that  the  least  axes  of  elasticity  are  only  slightly  inclined  to 
the  long  diameters  of  the  grains.  The  pale  greenish-yellow  appear* 
in  the  opposite  position,  and  is  due  to  vibration  parallel  to  the  least 
axes  of  elasticity  in  the  different  grains.  On  rotating  the  section 
parallel  to  the  yehistosity  in  a  similar  manner,  the  grains  change,  sb 
a  rule,  from  deep  rich  green  to  dark  yellowieh  green,  the  former 
tint  being  due  to  vibrations  parallel  to  the  least,  and  the  latter  ta 
vibrations  parallel  to  the  mean  axis.  It  must  be  disliuftly  noder- 
Btood  that  the  above  orientation  of  the  grains  in  the  rock,  though 
Btrongly  marked,  is  not  by  any  means  rigidly  followed. 

In  some  non-foliated  varieties  of  the  rock  of  these  dykes,  plates 
of  hornblende  of  considerable  size  with  perfectly  characteristii^ 
cleavages  occur ;  and  by  experimeuting  on  these  it  is  possible  to 
make  out  the  charaf^tcristic  pleochroisra  of  the  mineml.  IE  we  Uke 
a,  ^,  and  y*  to  represent  the  greatest,  mean,  and  least  axes  of 
elasticity  respectively,  then  it  may  be  defined  as  follows  : — 

a  =  Very  pale  greenish- yellow. 
/>=Dark  yellowish- green, 
y=Rich  deep  grc^en. 

The  absorption  for  rays  vibrating  parallel  to  /3  and  y  is  con- 
siderable, that  for  rays  parallel  to  a  is  very  slight. 

Next  in  importance  to  the  hornblende  are  the  pellucid  grains  of 
quartz  and  felspar.  These^  do  not  show  a  trace  of  exteraal  form. 
The  majority  of  them  are  simple,  but  a  few  show  signs  of  twin- 
Btriation,  At  first  1  thought  these  grains  were  almost  entirely 
composed  of  quarts ;  but  the  chemical  analysis  shows  such  a  close 
agreement  between  the  schist  and  the  dolerite  that  I  can  hardly  regard 
this  view  as  probable*  Some  facts  w  ill  be  mentioned  lat^r  on  whicii 
throw  light  on  the  molecular  changes  observed  in  the  felspar- 
substance  J  but  at  present  I  must  confess  that  I  feel  oonsiderable 
doubt  as  to  the  pogsibility  of  separating  the  quartss  from  the  felspar 
in  this  rock  by  micToscopic  examination. 

The  titaniieruus  iron-ore  is  sometinies  seen  in  the  form  of  long 
strips  which  lie  in  the  plane  of  schiatosity,  and  at  other  times  it  is 
present  as  small  grains  which  occur  as  inclusions  in  the  other 
crystalline  constituents.  It  is  sometimes  partially  surrounded  by 
grains  of  sphene.  Broken  prisms  of  apatite^  may  frequently  be 
recognized.  The  only  other  constituents  of  any  note  are  a  few 
turbid  grains  of  what  is  in  all  probability  felspar.  The  rock  is 
therefore  a  typical  hornblende-schist. 

The  two  extreme  modifii*ations  of  the  rock  forming  these  dykei 
have  now  been  described  at  sudicieut  length.  From  a  coDsideratickli 
of  all  the  facts  of  the  case,  I  have  been  led  to  the  conclusion  that 

*  The  term  of  the  ellipsoid  ia  asaumed  to  be  thiil  iwually  obwired  in  horn* 
blende. 
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the  hornblende-fiohiet  has  been  produced  by  metamorpbic  change  in 
the  dolerite  after  consolidation,  and  it  will  conduce  to  clearness 
if  ihe  remaining  facts  are  described  from  this  point  of  view.  If  my 
eondnsions  should  turn  out  to  be  erroneous,  the  phraseology  adopted 
would  require  modification,  but  the  facts  would  of  course  remain 
unaltered. 

In  considering  the  question  of  metamorphism  as  it  affects 
the  Scourie  dyke,  two  points  have  to  be  attended  to : — (1)  the 
molecular  rearrangement,  (2)  the  development  of  foliation.  An 
examination  of  a  series  of  sections  cut  from  different  specimens  of 
the  non-foliated  rock  shows  that  a  gradual  transition  occurs  from 
the  typical  dolerite  with  lath-shaped  felspar  sections  to  a  crystalline 
granular  aggregate  of  hornblende,  felspar,  quart z»  and  titaniferous 
magnetic  iron-ore,  in  which  all  trace  of  the  true  microstructure  of 
the  dolerite  has  been  lost.  This  shows  that  the  molecular  rear- 
rangement may  take  place  without  the  development  of  foliation. 
The  change  from  augite  to  hornblende  has  been  so  frequently 
described  that  it  is  quite  unnecessary  to  enter  into  detaib  ou  the 
present  occasion.  AU  stages  of  the  transition  may  be  observed  in 
the  sections  taken  from  different  specimens  of  these  rocks,  but  not 
in  sections  taken  ftom  any  one  specimen.  Some  show  the  augite 
wiUi  marginal  hornblende;  others  show  the  hornblende  with  a 
distinct  nucleus  of  augite;  and  others  show  the  hornblende  con- 
taining indistinct  patches  and  fibres  of  augite.  The  final  stage  is  of 
course  one  in  which  no  trace  of  the  original  augite  exists.  The 
appearance  of  quartz  in  connexion  with  this  change  has  been  already 
referred  to. 

The  changes  in  the  felspar  substance  are  equally  remarkable, 
though  not  so  well  understood.  The  original  felspars,  with  their 
characteristic  twin-striation,  may  be  traced  into  an  aggregate  of 
distinct  grains  frequently  without  twinning,  and  having  independent 
optical  relations.  The  general  structure  of  these  aggregates  fre- 
(|uently  reminds  one  of  saussurite. 

Sometimes  the  felspar  substance  is  turbid,  but  in  many  sections 
it  is  perfectly  clear  and  limpid,  and  difficult  to  distinguish  from  the 
quartz,  which  also  occurs  in  these  sections.  I  regret  that  I  am 
nnable  to  give  a  more  complete  account  of  the  modifications  which 
the  felspars  undergo.  That  they  suffer  a  complete  molecular  rear- 
rangement is  the  only  point  which  seems  tolerably  clear.  The 
modification  of  the  titaniferous  magnetic  iron-ore  is  partly  mecha- 
nical and  partly  molecular ;  that  of  the  apatite  is,  I  think,  simply 
mechanical*. 

*  The  relaUoni  of  the  iDdividual  crystals  and  crystalline  grains  which  form 
the  contiituenU  of  rooks,  to  the  deforming  forces  brought  into  operation  in 
connexion  with  orogenetio  movements,  is  a  subject  that  will  require  much  care- 
fol  iDTcatigntion.  One  or  two  facts  of  importance  appear  to  be  established. 
Under  certain  circumstances,  as  Prof.  Bonney,  Dr.  Lenmann,  and  others  hare 
shown,  the  individaal  minerals  become  crushed,  and  a  rock  to  which  the  term 
dasiic  is  strictly  applicable  may  be  produced  without  the  agency  of  denudation. 
ITDder  other  circumstances  tl^e  deformation  appears  to  be  accompanied  by 
mdeoohv  rearrangement  without  anything  analogous  to  crush.    Thus  Ueim 


Digitized  by  VjOOQ IC 


140 


J.  .1.  ir.  Tf:uj,  u>'  mv,  m\  txM'tnruo^i?-  of 


Whh  ri'o^ard  to  the  drvHrpriTf^ntrif  fiilifiHon  the  evidence  is  vcrr 
sritl>fjU'tr>ry,  The  trMnsiH^ii  from  a  rrystalliiip  g^nmiiLir  rock  to  a 
jierU'illy  ty|i]r'a|  sfliist  may  occur  in  thf  space  of  an  inclu  Tlie 
S]>Kiincii  li^un'fl  (tig.  1 )  wan  accidentally  fra"ture«l.  and  a  liltk-  nf 

I'ii:.  1. — ■  Hfuvl  jiftfurhjfj  /^iS'itjt/f  ffUtnf  (itadttlar  ft)  Fitlnrfefi  Strticinrt, 
{TUtoc  fniTrfhs  ii3(fi]rril  Hi?^'.) 


(MM.'li'iTiUniiJH  £?er  <Tfbir*:^Uildimg.  llaiid  iit  p,  5ri)  caIIb  att<Titioo  to  the  fiict 
Uml  in  a  fWvpd  pryMallnn'  liiii['««lono  lii'lf mining  to  i\w  IIochgfbirg?ikiJk,  tlw* 
indkvjdimi  nd<'i(<^  i:rainH;iri'  of  iinrijiinl  diinfiiHiim$t  in  ihi*  diflbrput  directioitf. 
nmd  linv>-  their  l«»nprM  dinim^rpr*  lying  prmillel  to  each  other  in  the  plmii«  of 
rlfavngp^  nltivMiigli  in  (ho  an^^Kn^Rl  r*irk  the  i-rytnalline  graiijii  are  of  nwrly 
fqiiril  (liiiK-Msiniw  in  tin'  dtlfrrcnl  dire*  tionp.  He  siiggral*  that  tbis  b  due  t^j  tho 
plant  if  d  t"  form  ril  ion  nf  the  iTidividaril  i^niiis  of  culcilC'.  Ix»htiiflnn,  (Pio 
Kntstrtinni;  der  n^ltkrysrallinii^dion  Sc^hiefjiriuPiiteinG,  p,  197)  objectn.  l«  thii 
Tipw.  add  eatlf*  atlciitnm  to  the  ev  idence^of  fracture  and  orusli  m^curring  in  rk» 
rock*^  invesligjiied  h\  him.  The  fact  otnhlishKl  by  lleini  requirt*  an  eipU- 
natiun,  hnwevcr.  and  tiie  mo-^t  nbTiousi  one  in  the  fli^.su  rapt  ion  that  a  raolpculir 
rorirn*net'meu!  <H'cur«  in  tlu*  caleile  lUider  ttie  nict*hanical  conditionn  wbi«'h 
determine  the  clenvngc.  Tiie  followiog  important  questions  reraain  to  b^ 
solved : — 

Under  what  conditions  is  the  deformation  of  rocks  accompanied  by  a  crushing 
of  the  individual  constituents  ?  Under  what  conditions  is  it  accompanied  by 
entire  molecular  rearrangement  ?  And  lastly,  Under  what  conditions  do  these 
two  more  or  less  opposite  phases  of  metamorphism  occur  at  one  and  the  same 
time? 

In  tlie  north-west  of  Scotland  there  are  schists  that  have  been  formed  by- 
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the  intenreiiiiig  material  lost ;  but  the  two  portions  are  represented 
in  tiieir  natural  position,  and  the  zone  of  transition  is  fortunately 
preserved  in  the  uj^r  one.  A  large  section  prepared  through  the 
zone  of  transition  shows  in  a  very  perfect  manner  its  gradual 
character. 

In  what  way  was  the  foliation  produced  ?  The  only  answer  that 
seems  possible  is,  that  it  was  caused  by  movement  when  the  mass 
was  in  a  plastic  state ;  but  plasticity  may  arise  in  two  ways. 
TJnd^r  moderate  pressures  it  can  only  occur  when  the  material  is  in 
the  fluid  condition,  that  is,  when  the  cohesion  is  slight ;  but  under 
Tery  high  pressures  it  may  be  produced  in  bodies  which  are  solid 
onder  ordinary  circumstances  *•  This  notion  of  the  plasticity  of 
BoUds  is,  of  course,  one  of  immense  significance  in  relation  to  rock- 
deformation,  and  is  doubtless  destined  to  play  a  most  important 
part  in  all  questions  relating  to  the  origin  of  the  crystalline  schists. 
The  phenomena  of  the  Scourie  dykes  appear  to  me  to  show  that  the 
plastieity  which  has  led  to  the  development  of  foliation,  is  that  due 
to  high  pressure  at  ordinary  temperatures,  rather  than  to  high  tem- 
peratures at  ordinary  pressures. 

The  optical  anomalies  due  to  strain,  the  bending  of  the  twin 
lamellffi,  and  the  actual  fracture  of  the  felspar  crystals  of  the 
dolerite,  are  best  explained  on  the  assumption  that  the  rock  has 
been  affected  by  pressure  after  consolidation,  and  the  same  assump- 
tion explains  the  curved  and  confused  arrangement  of  the  joint- 
planes  which  is  occasionally  observed.  Then  the  fact  that  the 
planes  of  foliation  frequently  cut  across  the  dyke  and  run  parallel 
with  the  prevalent  strike  of  the  gneissic  banding,  k  difficult  to 
account  for  on  the  view  that  the  foliation  was  produced  by 
movement  during  the  final  stages  of  consolidation,  though  easy  to 
explain  on  the  alternative  hypothesis.  The  curious  interfelting  of 
gneiss  and  dyke  at  the  junctions  in  certain  places  also  appears  to 
indicate  movement  posterior  to  consolidationt. 

Mechanical  deformation  accompanied  by  molecular  rearrangements 
has  profoundly  affected  the  gneiss  itself;  and  I  have  little  doubt 
that  some  of  this  has  taken  place  sinoe  the  intrusion  of  the  dyke. 

medianical  action  alone,  others  that  have  been  formed  by  mechanical  action 
■ppplemented  by  a  certain  amount  of  molecular  rearrangement,  and  others,  again, 
lite  the  hornblende-schist  of  the  Scourie  dyke,  in  which  a  complete,  or  nearly 
complete,  molecular  rearrangement  has  taken  place.  The  data  for  the  solution 
of  toe  above  problems  are  therefore  in  all  probability  to  be  found  in  this  region. 

*  Treeca,  "Flow  of  Solids,"  Proc.  Inst.Meoh.  Bng.  1878,  p.  301. 

t  It  is  interesting  to  note  that  if  this  process  of  interfelting  were  carried  on 
to  a  much  greater  extent,  it  would  lead  to  the  disappearance  of  the  dyke  as  such. 
The  only  evidence  that  would  then  remain  to  attest  the  former  existence  of  the 
dyke  would  be  the  presence  of  bands  of  hornblende-schist  in  the  gneiss.  We 
know  nothine  as  to  the  age  of  the  dyke  except  that  it  is  later  than  the  so-called 
Arcbcan  gneiss.  It  is  somewhat  interesting  to  contemplate  the  possibiUty  of  a 
later  djke  of  unknown  age  becoming  part  and  parcel  of  Arohssan  gneiss ;  and 
the  rejection  may  aenre  to  suggest  that  our  gneisses  and  schists  may  be  of  very 
OQfmplex  origin,  and  may  contain,  as  Prof  Lapworth  holds,  elements  derived  from 
formations  of  very  different  geological  age. 

Q.J.G.S.  No.  162.  H         ^  . 
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One  fold  occurring  not  far  from  the  dyke  is  figured  below  (fi 
The  parts  marked  with  crosses  are  lumps  of  hornblende-rock 

Fig.  2, — Fold  in  Hebridean  Oneiss^  3  or  4  feet  across. 


Another  argument  tending  to  show  that  the  foliation  has  been 
developed  by  mechanical  action  subsequent  to  consolidation  may 
be  founded  on  the  fact  that  the  parallel  structure  does  not  occur  in 
the  rock  in  which  the  original  augite  and  felspar  may  be  recognised. 
The  hornblende  occurs  alone  in  the  foliated  portion. 

The  relations  of  augite  to  hornblende  are  of  great  interest  in 
connexion  with  the  origin  of  the  crystalline  schists,  and  they  have 
recently  been  discussed  by  the  American  lithologists.  Prof.  B.  D. 
Irving  *  and  Mr.  G.  H.  Williams  t,  at  considerable  length.  Mr. 
Williams  points  out  that  augite  appears  to  be  the  stable  form  at 
high  temperatures,  hornblende  at  low  temperatures,  so  that  any 
condition  tending  to  facilitate  molecular  readjustment  at  ordinaiy 
temperatures  must  necessarily  tend  to  facilitate  the  change  from 
augite  to  hornblende.  The  enormous  pressures  brought  into 
operation  in  the  process  of  mountain-making  may,  as  Mr.  Williams 
states,  not  unreasonably  be  supposed  to  supply  such  conditione. 
The  relation  of  crystals  to  their  environment  is  one  which  lithologists 
have  most  carefudly  to  consider.  A  crystal  is  doubtless  in  stable 
equilibrium,  so  far  as  the  molecular  forces  are  concerned,  when  subject 
to  the  conditions  under  which  it  is  formed.  Under  other  conditions 
it  may  be  in  unstable  equilibrium,  and  ready  therefore  to  undergo 
molecular  readjustment  the  moment  such  readjustment  becomes 
possible. 

We  conclude,  then,  (1)  that  the  hornblende-schist  of  the  Soourie 
dykes  has  been  developed  from  a  dolerite  by  causes  operating  after 
the  consolidation  of  the  dolerite,  and  that  the  metamorphosis  has 
been  accompanied  by  a  molecular  rearrangement  of  the  'augite 
and  felspar;  and  (2)  that  the  molecular  rearrangement  has,  in 
certain  cases,  taken  place  without  the  development  of  foliation. 

•  Amer.  Journ.  Sci.  ser.  3,  vol.  xxvi.  p.  27  (1883) ;  ibitL  roL  xrrii.  p.  130 
(1884). 
t  Amer.  Joiira.  Soi.  ser.  3,  vol  xxriii  p.  259  (1884). 
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To  ^ve  anything  like  a  critical  account  of  the  previous  work 
bearing  on  the  suhject  would  increase  the  length  of  this  paper  to  an 
extent  that  seems  scarcely  desirable.  I  may  mention,  however, 
a  few  facts  which  show  that  the  point  here  advanced  is  by  no  means 
new.  Dr.  Geikie,  in  his  review  of  Dr.  Lehmann's  work,  in  '  Nature,' 
mentions  that  Prof.  Jukes  long  ago  suggested  that  many  areas  of 
hornblende-rocks  may  be  due  to  the  metamorphosis  of  basic  lavas 
and  tuffs.  Mr.  Darwin  in  his  *  Geological  Observations,'  2nd  edit, 
p.  432,  calls  attention  to  the  gradual  passage  from  hornblende-slate 
to  greenstone ;  but  he  regards  the  latter  rock  as  representing  the 
extreme  of  metamorphism.  Mr.  Allport,  in  his  valuable  paper  "  On 
the  Metamorphic  Rocks  surrounding  the  Land's-End  mass  of  Granite  " 
(Q.  J.  G.  S.  vol.  xxxii.  p.  422),  refers  to  certain  greenstones 
which  *'  might  almost  be  described  as  hornblende-schists,"  and  in  his 
Biunmary  expresses  the  opinion  that  "  hornblende-schists  may  be 
metamorphosed  igneous  rocks,  some  being  derived  from  dolerites 
or  gabbros,  while  others  are  very  probably  foliated  diorites." 

"  Schistose  greenstones  "  are  described  by  Mr.  J.  A.  Phillips  in 
his  two  papers  "  On  the  so-called  Greenstones  of  Cornwall "  (Q.  J.  G.  8. 
YoL  xxxii.  p.  155  and  vol.  xxxiv.  p.  471).  Prof.  Bonney,  in  a  paper 
on  "  The  Homblendic  and  other  Schists  of  the  Lizard  District " 
(Q.J.G.8.  vol.  xxxix.  p.  14),  refers  to  the  transition  from  hornblende- 
schists  to  a  rock  resembUng  diorite. 

Dr.  Lehmann,  in  his  work  *  Die  Entstehung  der  cdtkrystallinischen 
Schiefergesteine,'  describes  the  passage  of  gabbro  into  schistose 
amphibolite.  M.  Benard,  M.  von  Lasaulx,  and  others  hold  that  the 
amphibolite  schists  of  the  Ardennes  have  been  produced  by  the 
mechanical  metamorphosis  of  diorite.  Adolf  Schenck  describes 
schistose  diabase  in  a  paper  on  "  Die  Diabase  des  oberen  Ruhrthals," 
Inaugural  Dissertation,  Bonn,  1884. 

This  account  of  previous  works  bearing  on  the  subject  is  very 
incomplete,  but  it  is  sufficient  to  show  that  the  conclusions  suggested 
bv  an  examination  of  the  Scourie  dykes  have  been  more  or  less 
anticipated  by  many  previous  writers. 

In  concluding  this  paper,  I  should  like  to  take  the  opportunity 
of  acknowledging  my  indebtedness  to  Prof.  Lapworth.  In  the 
summer  of  1883  he  very  kindly  conducted  Prof.  Blake  and  myself 
over  the  Erribol  area,  and  explained  to  us  the  very  complicated 
stratigraphy  of  that  interesting  region.  He  called  our  attention  to 
the  secondary  structures  developed  in  the  rocks  by  mechanical  action, 
and  instructed  us  where  to  collect  specimens  that  would  best  serve 
for  the  purpose  of  microscopic  examination.  At  the  time  we  were 
on  the  ground  I  could  not  follow  him  at  all  points,  because  the  subject 
was  new  to  me  as  regards  both  the  stratigraphy  abd  the  petro- 
graphy. Indeed  it  was  not  until  I  had  examined  the  rocks  collected 
under  his  supervision,  as  well  as  others  obtained  by  myself  in  other 
regions  of  the  north-west  of  Scotland,  by  the  aid  of  the  microscope, 
md  had  read  the  work  of  Dr.  Lehmann,  published  shortly  after,  that 
I  folly  realized  the  significance  of  many  points  that  Prof.  Lapworth 
had  insisted  upon.     Although  Prof.  Lapworth  has  not  seen  tlie 
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Scourie  dykes,  I  feel  that  it  would  not  be  right  to  allow  this  paper  to 
pass  without  pointing  out  that  the  idem  expressed  in  it  have  beesn 
to  a  very  great  extent  suggested  by  the  lessons  he  taugbt  me  in  the 
DumeBs-Erribol  area  during  the  sunimer  of  1883. 


EXPIiANATION  OF  PLATE  H. 

Fig,  1.  DoleriU  (diabase)  Bection  showing  lath-shaped  felspans,  cnretalliflo 
plates  of  augite,  tiUiiiferous  magnetic  iron- ore,  secondary  humblcside, 
and  green  aecoTnpo#ition- product*.  Magnified  24  dinmetem, 
2.  Hopnbbrjilfi'Bchist  viewed  with  politrixer  only*  Pl&iiP  of  yibfnitiOB  At 
right  aoglet  to  »ohisto«ity*  Horn  blend  e,colourles8  erystidline  graini 
(qimrt2  and  modified  relepar),  and  tit&mferoitg  tron'on»  partidly 
surrounded  with  sphene.  On  rotating  atage  tli rough  90***  nil  thm 
yellowish  green  grains  change  tiTnultaneously  to  deep  green.  Mt^gr^ 
fied  50  diameters.  The  hornblende  ie  more  nbundftnt  in  the  ] — ' — 
of  echist  here  represented  than  U  u&uiAlj  the  oue. 


Discussion. 

The  PETSsxnKNT  pointed  out  that  while  otbers  had  suggested  the 
Telations  in  certain  cases  between  igneous  and  metamorpbic  roclGi, 
to  the  author  belonged  the  merit  of  having  demonstrated  thi§  in  a 
particular  instance.  He  agreed  with  bim  that  the  aclmtoMty  of 
the  rock  of  the  dyke  could  not  have  been  produeed  during  the 
cooling  of  tbe  mnm.  He  had  always  tbougbt  that  some  of  tie 
hornblendc-Hcbist  of  tbe  lizard  might  similarly  have  been  daiifid 
from  basic  igneous  masses  ;  but  when  working  Ihere  he  had  &aM 
to  obtain  any  proof  of  it. 

Mr.  Batjbhman  remarked  on  dykes  in  the  older  Arcbeeftii  rocka 
of  South  America,  whicb  sometimea  run  along  planes  of  foUatliili 
and  at  others  cut  across  them.  He  thought  that  in  such  eaaes  tba 
dykefl  were  probably  not  ver%-  different  in  age  from  the  gQeia^ 
which  tbey  travefae. 

Prof.  SEEti^r  said  that  the  interest  of  Mr,  TeaU'a  work  wa*  iu 
the  direct  conversion  of  a  volcanic  texture  into  a  schistose  taxtoie ; 
but  though  the  fact  was  new,  it  did  not  need  any  new  Tiewn  in 
motamorphi«m  to  explain  it,  Wc  could  only  coneeivo  of  tbe  dtange 
taking  place  after  the  dyke  had  cooled  and  cracked,  bccauae  tb^ 
rock  could  not  otherwise  have  offered  tbe  resistance  under  whidl 
the  crystals  would  extend  themselves  at  right  angles  to  pressupD  m 
the  foliated  part.  He  thought  that  the  change  had  been  an  \ 
tremely  slow  one,  due  to  the  temperature  of  the  water  in 
cracked  rock  being  raised  by  pressure,  so  that  it  had  slowly  i 
solved  the  materinl  of  the  dyke,  which  had  as  slowly  recryst  ~" 
in  a  schistose  form.  Mr.  To  all's  account  was  cx>nchisive ;  but  loiek 
origins  for  hornblende-schist  are  necessarily  local. 

Dr.  HicKf*  thought  that  the  case  eit^d  in  this  papcT,  whetv  otm 
ciystalline  rock  was  changed  into  another  and  int^)  cUselj  allii^ 
minerals,  probably  by  inHltration  along  minute  ^ssurea^  haA  no 
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support  to  the  extreme  views  held  hy  some  concerning  the  meta^ 
morphism  of  sedimentary  rocks. 

Prof.  Blaks  asked  how  it  was  that  one  part  of  the  dyke  was 
changed  while  the  other  part  was  not.  He  objected  to  the  view 
that  because  the  change  might  take  place  in  a  range  of  a  few  inches, 
therefore  great  masses  of  rock  could  be  chauged  in  the  same  way. 

Mr.  HxTDLEffTOv  remarked  on  the  difference  between  the  horn- 
blende-schist of  the  dyke,  consisting  largely  of  hornblende  and  an 
altered  felspar,  and  the  common  hornblende-schist,  which  consists 
chiefly  of  hornblende  and  quartz. 

Mr.  KiLOouB  called  attention  to  the  fact  that  by  pressure  a 
similar  fibrous  structure  is  produced  in  cast-iron. 

The  AuxHOB,  in  reply,  pointed  out  that  while  the  gneiss  of  the 
country  showed  signs  of  great  disturbance,  the  dyke  maintained  its 
direction  with  a  considerable  amount  of  regularity.  It  seemed 
erident  then  that  the  disturbances  to  which  the  gneiss  had  been 
subjected  must  in  the  main  have  been  produced  before  the  intrusion 
of  the  dyke.  He  had  not  argued  that  all  hornblende-schists  were 
metamorphosed  dolerites,  but  only  that  a  particular  hornblende-schist 
been  produced  in  this  way.  Why  movement  and  metamorphism 
had  occurred  at  certain  points  and  not  at  others  he  could  not  explain. 
The  typical  schist  of  the  dyke  was  composed  almost  entirely  of 
hornblende  and  a  mineral  or  minerals  occurring  as  colourless  crys- 
talline grains.  Turbid  felspar  was  rare,  and,  in  the  most  perfect 
schist,  almost  if  not  entirely  absent.  The  colourless  grains  he 
originally  r^;arded  as  quartz,  but  he  now  felt  considerable  doubt  as 
to  their  precise  character.  In  every  respect,  so  far  as  his  expe- 
rience enabled  him  to  judge,  the  schist  appeared  to  resemble  the 
typical  hornblende-schists  of  the  so-oalled  Archsan  rocks. 
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18.  On  the  8.  W.  Extension  of  the  Clifton  Fault.    By  Prof.  C.  Llotd 
Morgan,  F.G.S.,  Assoc.  R.S.M.    (Read  December  17,  1884.) 

On  the  right  bank  of  the  Ayod,  somewhat  below  the  Suspensioii 
Bridge  and  a  little  beyond  the  Clifton  station  of  the  Bristol  Port 
railway,  the  Clifbon  fault  cuts  across  the  strata  somewhat  obliqoely. 
On  the  southern  side  of  the  fault  is  massive  Mountain  Limestone, 
forming  the  bold  bluff  of  the  Observatory  Hill.  On  the  northern 
side  arc  much  contorted  red  grit  and  limestone  shales  (see  Map, 
p.  147). 

Viewed  from  the  opposite  side  of  the  river,  the  right  bank,  from 
the  Suspension  Bridge  for  half  a  mile  northwards,  shows  the  following 
features.  The  eastern  tower  of  the  Suspension  Bridge  is  built  on  a 
solid  mass  of  limestone,  the  western  face  of  which  fronts  the  rirer 
as  an  almost  perpendicular  wall  of  rock.  At  right  angles  to  this, 
and  parallel  with  the  bridge-road,  there  is  a  second  face  due  probably 
to  a  joint  plane,  or  a  minor  dislocation  of  the  strata  parallel  with  that 
caused  by  the  Clifton  fault.  This  vertical  face  forms  the  southern 
boundary  of  a  little  recess  in  the  rocks,  in  which  lies  the  Clifton 
station.  On  the  northern  side  of  the  station  rises  the  somewhat 
dislocated  mass  of  limestone  which  forms  Observatory  Hill,  and 
which,  on  its  southern  side,  abuts  against  Millstone  Grit  and  Upper 
Limestone  Shales  brought  down  by  the  Clifton  fault.  The  wiiole 
appearance  of  the  side  of  the  ravine  now  changes,  and  in  place  of 
vertical  limestone  clifib  there  is  a  wooded  slope.  Close  to  the  river, 
however,  the  rocks  axe  well  seen  in  section,  and  show  bands  of  hard 
grit  characteristic  of  the  Upper  Limestone  Shales.  These  bands, 
passing  under  the  Avon  at  the  point  marked  a  on  the  map,  have 
hitherto  caused  a  shallowing  of  the  river  at  this  point.  Blasting 
operations  are  at  present  in  progress  by  which  this  obstruction  will 
be  removed.  Some  370  paces  from  the  fault,  solid  limestone  rises 
from  the  river-side  (at  c),  but  is,  a  little  further  north,  cut  into  by  a 
wooded  notch  (5)  in  which  runs  the  path,  known  as  the  New  Zigzag, 
which  joins  the  road  near  Proctor's  Fountain.  This  notch  starts 
from  the  point  of  junction,  at  the  surface  of  the  downs,  of  the  solid 
Mountain  Limestone  and  the  Upper  Limestone  Shales,  which  are, 
however,  here  unconformably  overlain  by  the  dolomitic  conglomerate 
of  the  Trias. 

The  throw  of  the  fault  on  this  Gloucestershire  bank  I  estimate  at 
about  1 150  feet  vertically,  which  is  some  350  feet  greater  than  that 
given  by  Buckland  and  Conybeare  (Trans.  Geol.  Soc.  2nd  series,  vol. 
i.  p.  241),  and  by  W.  Stoddart  (Proceedings  of  the  Bristol 
Naturalists'  Society,  new  series,  vol.  L  p.  328).  On  the  Somersetahire 
bank  I  make  the  throw  50  feet  less.  This  difference  may  be  due, 
in  part  at  least,  to  the  dying-out  of  the  fault  in  that  direction. 
Taking  as  a  datum-point  the  intersection  of  the  line  of  fiault  and 
that  of  high  water  on  the  Gloucestershire  side,  the  rocks  which  have 
been  relatively  shifted  downwards  are  Mountain  Limestone,  about 
710  feet,  and  Upper  Limestone  Shales  about  440  feet.     If  we  take 
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Mr.  Stoddarf  8  estiiiiate  (Geol.  Mag.  vol.  ii.  p.  83)  of  the  Uiicknees 
of  the  Upper  LimeBtone  Shales  at  600  feet,  which  I  think  is  a  fair 
one,  there  will  be  160  feet  or  so  of  these  beds  above  high-water 
mark,  above  which  the  Millstone  Grit  will  be  brought  down.  This 
accords  very  well  with  the  facts,  that  contorted  grits  and  shales  are 
seen  from  the  new  road  some  50  or  60  feet  above  high- water  mark, 
and  that  above  this  little  but  grit  is  to  be  found.  It  must  be 
remembered,  however,  that  the  beds  in  the  immediate  vicinity  of 
the  fault  on  the  down-throw  side  are  exceedingly  contorted. 

A  curious  effect  of  the  general  squeeze  by  which  the  rocks  here 
are  literally  "  in  one  red  burial  blent,"  is  well  shown  in  the  immediate 
neighbourhood  of  the  line  of  fault  on  the  Gloucestershire  side  of  the 
river.  Here,  over  a  face  of  limestone  dipping  18°  N.,  has  been  thrust 
a  semicircular  mass  of  rock  with  an  external  layer  of  grit,  then  a 
band  of  limestone,  and  internally  a  core  of  grit. 

Purther  eastward  on  this  same  Gloucestershire,  or  Clifton,  side  of 
the  Avon,  the  effects  of  the  fault  on  the  physical  features  of  the 
country  are  well  inarked,  causing  the  well-defined  depression  in 
which  lie  Triassic  beds  between  the  Clifton  Downs  (with  its  tongue- 
shaped  mass  of  limestone  stretching  westward  from  the  Suspension 
Bridge)  on  the  south,  and  the  northward-trending  limestone  mass 
of  Durdham  Downs  on  the  north.     (See  map.) 

Passing  now  to  the  opposite,  or  Somersetshire  side,  we  find  the 
following  features,  as  seen  from  such  a  standpoint  as  the  Observatory 
Hill.  A  little  to  the  north  of  the  Suspension  Bridge  is  the  deep 
indentation  of  Nightingale  Yalley,  the  southern  side  of  which  is  here 
precipitous,  and  answers  to  the  vertical  face  which  forms  the 
southern  boundary  of  the  station-recess  on  the  Gloucestershire  side 
of  the  river.  The  northern  side  of  the  valley  is  less  precipitous, 
forming,  in  fact,  more  or  less  of  a  dip  slope  of  limestone.  A  hundred 
and  fiffy  yards  or  so  further  north  is  another  precipitous  face  of 
limestone,  that  caused  by  the  fault.  After  this,  as  we  pass  north- 
wards, there  is,  on  this  side  of  the  river  as  on  the  Clifton  side,  a 
wooded  slope.  The  solid  limestone  rises  from  the  river-side  at  a 
distance  of  some  240  paces  from  the  faulted  limestone  face. 

Owing  to  the  fact  that  the  fault  cuts  across  the  strata  obliquely, 
lower  b^  of  the  Mountain  Limestone  are  intersected  on  this  side 
of  the  Avon  than  were  cut  on  the  Clifton  side.  Hence  the  rooks 
relatively  shifted  downwards  at  the  point  of  intersection  of  the  line  of 
fault  and  the  line  of  high  water  here  are  Mountain  Limestone,  about 
780  feet,  and  Upper  Limestone  Shales  about  330  feet,  making  a  rela- 
tive displacement  of  1100  feet.  Remembering  that  the  Upper  Lime- 
stone Shales  are  some  600  feet  in  total  thickness,  this  leaves  270  feet 
of  these  rocks,  which  would  thus  just  extend  to  the  top  of  the  diC 
Under  these  circumstances  we  should  not  expect  to  find  Millstone 
Grit  faulted  down  on  this  side  of  the  river.  Nor  have  I  on  careful 
search  been  able  to  discover  any  beds  of  this  rock.  At  the  point 
marked  b  on  the  map,  however,  I  have  found  well-defined  bands  of 
^t  interstratified  with  limestone,  showing  that  we  here  have  beds  of 
the  Upper  Limestone  Shale. 
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In  Meesn.  Buckland  and  Gonybeare*8  paper  on  the  S.W.  Coal- 
district  (Trana.  GeoL  Soc.  2nd  series,  vol.  i.  p.  242),  attention  is 
drawn  to  the  fact,  ^'  that  the  fault  may  he  traced  up  the  gully 
which  bounds  the  northernmost  of  the  two  Eoman  camps  in  Leigh 
Wood."  Beyond  this  suggestive  observation  I  am  not  aware  of  any 
pabUshed  account  of  attempts  to  trace  the  further  south-western 
eztensioD  of  the  fault.  But  since  the  Upper  Limestone  Shales 
fftolted  down  are  softer  than  the  solid  limestone,  we  might  very 
probably,  so  it  seemed  to  me,  find  a  line  of  depressicn  marking  the 
line  of  fault  and  running  south-westward  from  this  gully.  Such  a 
line  of  depression  actually  exists ;  and  I  have  ventured  to  mark  it 
in  the  accompanying  map  as  Upper  Limestone  Shales.  It  runs  from 
the  neighbourhood  of  Hill  Farm  across  Beggars'  Bush  Lane,  through 
the  northern  corner  of  the  Ashton  Park  estate,  across  the  Abbots 
Leigh  road,  in  which  the  depression  is  well  marked,  and  so  to  the 
head  of  Nightingale  Valley,  along  which  this  natural  line  of  drainage 
then  passes,  deserting  the  line  of  fault,  which  crosses  Nightingale 
Valley  about  halfway  up,  and  so  passes  to  the  gully  mentioned  by 
MesBTB.  Buckland  and  Conybeare.  It  is  interesting  to  notice  that 
the  point  where  the  fault  crosses  the  Nightingale  Valley  is  indicated 
by  a  well-maiked  change  in  the  physical  features.  Up  to  that  point 
the  ascent  is  steep ;  beyond  that  point  it  is  much  more  graduaL 
Up  to  that  point  the  southern  (left  hand)  side  is  precipitous,  beyond 
tiiat  point  it  has  a  more  gentle  slope.  Up  to  that  point  the  valley 
is  a  deep  notch,  beyond  tiiat  point  it  widens  out.  These  changes 
result  from  the  bringing  in  oi  ^  softer  rock  by  the  downthrow  of 
the  fault. 

Another  point  is  of  interest.  West  of  the  point  I  have  just 
alluded  to,  a  triangular  wedge  of  limestone  is  cut  off  by  the  line  of 
fault  and  the  line  of  the  valley,  which  intersect  at  this  point.  (See 
map.)  This  triangular  wedge  of  limestone  formed  too  marked  a 
uatural  feature  to  be  missed  by  the  Britons,  who  accordingly 
strengthened  it  by  building  a  vallum  along  its  faulted  side  ;  so  that 
the  line  of  this  Stoke  Leigh  Camp  (marked  **  camp  "  on  the  map), 
as  suggested  by  Buckland  and  Conybeare,  shows  roughly  the  line 
ot  the  fault 

I  have  before  mentioned  that  beds  of  grit  belonging  to  the  Upper 
limestone  Shales  are  found  on  the  Somersetshire  bank  at  the  point 
marked  h  on  the  map.  Where  the  Upper  Limestone  Shales  come 
in  on  the  north  side  of  Nightingale  Valley,  I  have,  however,  not 
saoceeded  in  finding  any  definite  bands  of  grit,  though  fragments  of 
siliceous  rock  are  abundant.  Near  the  h^  of  Nightingale  Valley, 
at  c,  beds  of  clayey  shale  are  exposed.  And  in  the  Ashton  Park 
grounds,  across  the  north  comer  of  which  I  have  been  able,  through 
the  kindness  and  courtesy  of  Sir  Greville  Smyth,  to  follow  the  line 
of  depression,  there  are  some  quarry-pits,  at  d  (see  map),  in  which 
white  clayey  bands  are  interstratified  with,  bands  of  limestone. 
And,  yet  further  to  the  south-west,  in  the  fields  that  lie  between 
Beggars'  Bush  Lane  and  Hill  Farm  House,  there  are  many  sandstone 
fragments  mingled  with  stones  of  Mountain  Limestone. 
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Before  reaching  Kill  Farm  the  depression  ceases  or  widens  out 
somewhat  indefinitely.  This  is  what  we  should  expect.  For  sLnoe 
the  line  of  fault  cuts  across  the  strata  obliquely,  thus  cutting  lower 
and  lower  beds  of  the  Mountain  Limestone,  and  since  the  fault  shows 
signs  of  dying  out  in  this  S.W.  direction,  a  point  must  be  reached 
when,  instead  of  Upper  Limestone  Shales  being  faulted  down 
against  limestone,  beds  of  Mountain  Limestone  are  faulted  down 
against  lower  beds  of  the  same  rock.  And  since  it  is  only  by  the 
bringing  in  of  the  softer  beds  that  the  line  of  depression  is  produced, 
when  these  beds  are  no  longer  brought  down  to  the  present  surface- 
level  by  the  fault,  the  line  of  depression  ceases. 

I  thought  it  worth  while  to  calculate  the  distance  at  which  the 
fault  woiild  cease  to  bring  down  Upper  Limestone  Shales  to  the 
present  surface-level,  on  the  supposition  that  it  shows  no  tendency 
t.0  die  out  in  this  direction.  Supposing  that  the  600  feet  of  Upper 
Limestone  Shales  are  just  faulted  down  in  the  Leigh  Woods,  on  the 
Somersetshire  bank  of  the  Avon,  the  breadth  of  surface  covered  by 
these  beds,  at  a  dip  of  27)%  would  be  about  1300  feet.  The  strike 
of  the  strata  is  65^  east  of  north,  and  the  direction  of  the  fault  is 
70°  east  of  north.  The  fault  therefore  cuts  the  strata  at  an  angle  of 
5P.  At  such  an  angle  the  1300  feet  of  Upper  Limestone  Shales  would 
gradually  thin  out,  wedge  fashion,  as  we  pass  westwards  along  the 
line  of  fault, — the  point  of  the  wedge,  where  the  Upper  Limestone 
Shales  cease  to  come  to  surface,  being  about  4300  yards  from  the 
Avon.  But  Hill  Farm,  where  the  depression  before  alluded  to 
ceases,  is,  according  to  Mr.  Sanders'  map,  not  more  than  2200  yards 
from  the  Avon.  The  difference  I  believe  to  be  evidence  of  the 
dying-out  of  the  fault  in  this  direction. 

Beyond  Hill  Farm  there  is  no  means  of  tracing  the  fault.  A 
quarry  a  little  beyond  the  farm,  at  e  (see  map),  shows  no  sign  of  shaly 
or  sandy  beds.  But  it  is  worthy  of  note  that  if  we  produce  the  line 
that  is  marked  by  the  Upper-Limestone-Shales  depression,  in  a  weet- 
south-west  direction,  untU  it  cuts  the  junction  of  Moimtain  Lime- 
stone and  Lower  Limestone  Shales,  we  find  at  this  point  a  great  con- 
fusion of  dips.  Within  a  couple  of  hundred  yards  or  less  we  find  42^ 
E.N.E.,  25°  S.S.E.,  22°  S.,  10°  W,,  10°  E.N.E.  StiU  this  represents 
but  poorly  the  1150  feet  of  throw  on  the  Gloucestershire  bank  of  the 
Avon.  If  the  fault  have  not  practically  died  out  as  such,  we  should 
expect,  here  in  the  neighbourhood  of  the  junction  of  the  softer 
Lower  Limestone  Shales  and  the  harder  Mountain  Limestone,  some 
more  marked  evidence  of  its  existence.  The  only  further  evidence 
of  this  kind  which  I  have  found,  and  I  do  not  wish  to  lay  any  great 
stress  upon  it,  is  this :  that  at  a  point  a  little  to  the  north  of  the  con- 
fused dips,  in  the  midst  of  the  line  of  depression  that  marks  tiie 
Lower  Limestone  Shales,  there  is  an  island  of  Mountain  Limestone, 
at /on  the  map.  Owing  to  it-s  existence  Mr.  Sanders,  in  his  map, 
has  carried  his  Mountain  Limestone  boundary-line  outside  this,  so 
as  to  include  it  in  the  Mountain  Limestone.  But  I  would  suggest, 
as  possible,  that  this  island  of  Mountun  Limestone  in  the  depression 
is  the  remnant  of  a  wedge  of  this  rock  faulted  into  the  Lower  LimA- 
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stone  Shales,  there  heing  also  a  corresponding  wedging  of  the  Lower 
limeitone  Shales  into  the  Mountain  Limestone  as  indicated  hy  the 
B-shaped  boundary-line  in  the  map.  And  I  may  mention  that  I 
bave  some  evidence  of  the  prolongation  of  the  Mountain-Limestone 
vcdge  still  farther  westward  into  the  Old  Eed  Sandstone. 

In  ooodusion,  I  would  draw  attention  to  the  fact  that  the  marked 
north-east  trend  of  the  Mountain-Limestone  uplands  from  the  point 
of  confused  dips  just  alluded  to,  is  undoubtedly,  in  part  at  least, 
etnaed  by  the  Clifton  fault ;  and  to  the  farther  fact  that  the  line  of 
this  fault  is,  roughly  speaking,  parallel  with  that  of  the  great  Clapton- 
in-6oidano  fault.  Messrs.  Buokland  and  Conybeare  suggested  that 
''it  is  not  improbable  that  the  two  may  be  connected ;''  but  of  this 
there  is  no  durect  evidence. 


Discussion. 

Dr.  EvAKB  thought  the  paper  was  one  of  great  value ;  he  asked  if 
there  were  not  proof  of  the  existence  of  more  than  a  single  fault. 

The  AuTHOB  said  that  at  present  be  could  find  no  proof  of  the 
existence  of  a  fault  in  the  Ime  of  the  Avon  gorge ;  the  principal 
fault  is  nearly  at  right  angles  to  the  line  of  the  river.  Li  answer 
to  the  Chairman  he  said  that  to  the  east  the  fault  was  obscured  to 
some  extent  by  the  overlying  Trias. 
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19.  On  FxrLQVBJUB  from  Mont  Blanc  ;  with  a  Notb  on  the  BorTEiL- 

LKN8TEIN,  Or  PsETTBO-CHBYSOLlTE  of  MoLDAUTHBIK,  in  BoHEMIi. 

By  Fbaot  Rittlbt,  Esq.,  F.G.8.     (Read  January  26, 1885.) 
[Platb  UL] 

Ah  interesting  paper  by  Mr.  J.  S.  Biller,  of  the  United-States 
Geological   Survey,  upon  fulgurite  from  Mt.  Thielson  in  Oregon, 
appeared  in  the  '  American  Journal  of  Science,'  yoL  xxviii.  Oct  1884, 
in  which  allusion  was  made  to  the  effect  of  lightning  upon  horn- 
blende-schist on  the  summit  of  Mout  Blanc,  as  noted  by  De  Saossnre. 
On  reading  this,  I  remembered  that  some  years  ago  Mr.  James 
Ecdes  gave  me  two  or  three  small  specimens  showing  evidence 
of  fusion  on  their  surfaces,  which  he  at  the  time  considered  to 
be  due  to  the  action  of  lightning.     They  were  collected  by  him  on 
the  summit  of  the  Dom  du  Goute  from  small  peaks  of  rock  rising 
out  of  the  snow  at  a  height  of  14,000  feet  above  the  sea-leveL 
These  peaks  form  part  of  lie  chain  of  Mont  Blanc     The  fragments 
are  small  und  consist  of  hornblende  gneiss  ;  for  they  contain  some 
felspar,  and  one  of  the  specimens  is  traversed  by  coarse  irregular 
foliations  of  felspar.     Mr.  Cuttell  has  made  several  attempts  to 
prepare  a  section  through  this  specimen  with  the  thin  fulgurite  film 
adhering  to  it,  but  unfortunately  failed,  the  fulgurite   crumbling 
away  in  each  trial.     The  cuts  made  through  the  specimen  at  various 
points  show,  however,  that  the  fulgurite  is  quite  superficial,  no 
trace  of  fusion  being  visible  below  the  original  surface  when  the 
cut  surfaces  are  examined  with  a  lens.     Indeed  there  appears  to  be 
no  alteration  of  the  rook  from  the  electric  flash,  except  on  the 
actual  surface  itself,  where  a  number  of  globules,  sometimes  in  the 
form  of  attached  spheres,  sometimes  in  quite  irregularly  fused  peUets 
and  blotches  of  brownish-black  and  of  white  glass,  have  been  formed. 
The  latter  is  the  frothy  glass  or  enamel  resulting  from  the  fusion  of 
felspar,  while  the  dark  glass  is  due  to  the  fusion  of  hornblende. 
Upon  one  piece  the  surface  is  fretted  and  blistered  over  an  area  d 
about  half  a  square  inch.     Some  of  the  globules  have  minute  holes 
from  which  gas  has  escaped ;  while  others  have  been  inflated  into 
thin,  spherical,  or  irregularly  blistered  bubbles  (PI.  III.  fig.  1). 
The  dark  glass  is  tough,  some  pressure  being  needed  in  order  to 
detach  small  pieces  from  the  broken  bubbles.     Fragments  of  these 
bubbles,  when  examined  under  the  microscope  with  high  powers, 
appear  to  be  absolutely  structureless  and  to  contain  nothing  but  a 
few  small  gas-bubbles  (PI.  III.  fig.  2).    In  this  respect  the  glass 
corresponds  precisely  with  the  Mt.  Thielson  fulgurite  described  by 
Mr.  Diller,  for  there  is  no  trace  of  cystallization-products  in  either 
case.      PL  III.  fig.  4  represents  an  elongated  and  twisted  glasB 
enclosure  containing  many  gas-bubbles.     It  occurs  in  a  fragment 
of  the  fulgurite.     On  the  surface  of  one  of  the  specimens  three  or 
four  glass-bubbles,  each  about  the  eighth  of  an  inch  in  diameter,  adhere 
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to  the  rock  quite  close  together,  while  from  them  a  series  of  minute 
globule  of  glass  appear  to  be  scattered  in  a  somewhat  radiating 
manner,  some  of  them  being  connected  with  the  larger  globules  by 
a  thin  fretted  trail  on  the  surface  of  the  rock,  indicative  of  the 
sputtering  of  the  fused  material  from  the  point  struck  by  the 
lightning  (PL  III.  &g.  3).  The  blow-holes  of  the  glass  vesicles 
from  which  the  gas  has  escaped  show  an  involution  of  the  vesicle- 
wall  around  them,  as  though  each  hole  had  been  formed  by  & 
wire  pressed  into  the  bubble  while  hot.  This  involution  of  the 
vesidee  around  the  blow-holes  is  possibly  due  to  fusion,  cooling  and 
contraction  taking  place  with  extraordinary  rapidity.  That  the 
cooling  of  the  glass  was  unusually  quick  1$  proved  by  its  freedom 
from  crystallites.  Fulgurites,  on  this  account,  are  probably  the 
purest  natural  glasses  ever  formed. 

The  edge  of  a  thin  splinter  of  the  rock  taken  from  this  specimen 
fdsed  with  intumesence,  before  the  blow-pipe,  to  a  dark  glass  similar 
to  that  of  the  fulgurite-globules. 

The  dark  and  the  white  glass  globules  do  not,  as  a  rule,  appear  to 
have  mixed.  They  are  often  distinct,  even  when  in  contact,  showing 
a  clear  line  of  demarcation  between  the  two  different  kinds.  Some 
instances  may,  however,  be  seen  in  which  the  dark  shades  off  into 
the  white  glass.  The  ^ion  of  both  the  hornblende  and  the  felspar 
must  have  been  so  instantaneous,  and  tlie  cooling  so  unusually  rapid, 
that  the  fused  surface  of  each  crystal  solidified  almost  exactly  in  situ, 
except  where  a  sputtering  of  the  molten  matter  was  caused,  either 
by  the  force  of  the  electric  shock  or  by  sudden  disengagement  of  gas 
from  the  fused  material ;  for,  in  presence  of  such  intense  heat,  the 
difference  in  the  respective  fosibilities  of  the  hornblende  and  felspar 
cannot  be  taken  into  account. 

On  showing  one  of  these  fulgurites  to  Prof.  Judd,  he  thought  it 
might  yet  be  possible  to  procure  a  microscopic  section  of  the  rock 
wiUi  some  of  the  fulgurite  adhering  to  it.  It  is  to  his  kindness  in 
making  several  preparations  that  I  have  been  enabled  to  give  the 
drawing  of  the  edge  of  one  of  the  sections  showing  the  fulgurite, 
containing  one  or  two  gas-bubbles  (6  fig.  5,  PI.  III.)  attached  to  the 
rock.  Unfortunately  at  this  point  the  gneiss  lying  immediately 
beneath  the  fulgurite  has  some  very  opaque  bands,  which  by  reflected 
light  appear  white,  not  more  so,  however,  than  in  many  other  parts 
of  the  section  remote  from  the  edge  or  original  surface  of  the  rock ; 
and  from  this  I  think  it  may  still  be  inferred  that  little  or  no 
alteration  has  been  effected  beneath  the  surface  by  the  lightning.. 
Some  hornblende  also  underlies  the  fulgurite  and  still  shows 
dichroism.  The  section  at  all  events  demonstrates  that  the  vitrifi- 
cation has  been  purely  superficial.  The  foliation  just  beneath  the 
falgurite  is  perfectly  distinct.  From  a  microscopic  examination  of 
tiiose  slides  which  were  cut  from  a  specimen  containing  coarse 
foliations  of  felspar  it  is  seen  that  the  rock  is  homblendic  gneiss, 
the  constituents  being  chiefly  hornblende,  triclinic  felspar,  and 
quartz.  The  hornblende  is  of  a  deep  reddish-brown  colour  by 
ordinary  transmitted  light,  and  occurs  both  in  large  crystals  and 
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patches  showiDg  distinct  cleaya^,  and  also  in  aggregates  of  smaller 
elongated  crystals  apparently  squeezed  together  with  their  longest 
axis  in  the  direction  of  the  foliation.  The  felspars  are  tridinic,  and 
from  the  extinctions  in  some  of  the  crystals,  they  ^pear  to  be 
anorthite,  the  angles  made  by  the  direction  of  maximum  extinction 
with  the  edge  formed  by  the  faces  o  P  and  oo  Poo  being  39°  and  40"". 
Other  felspar  crystals  in  the  section  give,  however,  very  diflferent 
angles ;  one,  for  instance,  extinguishes  at  18°  from  the  datum-edge 
in  the  -|-  direction  of  Max  Schuster,  an  angle  which  corresponds  with 
that  of  brachypinakoidal  sections  of  albite ;  but  apart  from  the  cases 
of  anorthite,  the  extinctions  in  these  preparations  are  not  very 
trustworthy.  A  splinter  of  felspar  taken  from  this  specimen  imparts, 
however,  a  very  strong  yellow  colour  to  the  blow-pipe  flame,  so  that 
it  is  quite  probable  that  albite  is  present. 

Note  on  the  Botjteillenstbin,  or  PsEin>o-€HBTSOLiTB,  of 

MOLDATTTHSIN  in  BoHBMIA. 

Bouteillenstein  occurs  in  small  irregularly  shaped  nodules  and 
grains  in  sand  near  Moldauthein  in  Bohemia,  in  tuffs  in  the 
neighbourhood  of  Mont  Dore  les  Bains,  and  Pessy,  in  the  Auvergne, 
and  in  one  or  two  other  localities.     These  nodules  have  peculiarly 
pitted,  corrugated,  or  wrinked   surfaces,  which    I  think  are  due 
to  irregular  glass  enclosures   and   gas-pores,  which,  on  the  sur- 
faces of  the  nodules,  have  been  broken    through    and    partially 
worn  away,    /The  glass  of  which  these  nodules  consist  is  considered 
by  Zirkel,  Kosenbusch,  Von  Lasaulx,  and  others,  to  be    one  of 
the  purest  glasses  occurring  in  nature.     A  section  of  a  small  bouteil- 
lenstein nodule,  lent  me   by   Prof.   Judd,  shows   a   considerable 
number  of  gas-pores  and  glass  enclosures,  and  is  traversed  from  one 
end  to  the  other  by  distinct  and  approximately  parallel  banding, 
such  as  may  be  seen  in  many  osbidians,  but  especially  in  a  red  one 
from   the    Yellowstone  district,  figured    in  vol.   xxxvii.    of    the 
Quarterly  Journal  of  this  Society  (pi.  xx.  fig.  2).     In  describing 
this  specimen  I  noted  that  some  of  the  bands  showed  very  distinct 
depolarization  between  crossed  nicols,  and  that  extinction  occurred 
when  the  bands  were  brought  parallel  to  the  principal  section  of 
one  of  the  nicols.     The  bands  in  the  bouteillenstein  behave  in  a 
precisely  similar  manner,  and  in  both  cases  the  phenomenon  may  be 
attributiod  to  strain*.    The  section  contains  numerous  spherical  gas- 
bubbles  and  irregular  glass  enclosures,  some  fusiform,  others  club- 
shaped,  while  many  assume  curious  bulbous  and  slightly  branching 
forms.     They  are  frequently  produced  into,  or  from,  delicate  capil- 
lary rods,  and  they  usually  contain  several,  sometimes  a  dozen  or 
more,  spherical  gas-bubbles.     The  surfaces  of  these  glass  endoeores 
do  not,  as  a  rule,  appear  to  be  smooth  and  cylindrical,  but  they 

*  Obeerrations  upon  depolarizatioii  in  ooniiexion  with  Btrain  are  best  made 
brf  artificial  illumination,  and  the  observer  should  screen  all  extraneous 
light  fW)m  the  eye.  This  may  he  done  by  wrapping  a  handkerchief  round  ^bfb 
«ye-pieoe. 
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more  resemble  those  of  flint  cores  from  which  flakes  have  been 
artificially  struck,  or  the  surfaces  of  prisms  of  starch.  They 
depolarize  strongly  from  strain,  and  the  glass  immediately  sur- 
rounding ihem  is  similarly  affected,  so  that  each  glass  enclosure  is 
bordered  by  a  nimbus  which  is  traversed  by  dark  brushes.  The 
similarity  of  these  glass  enclosures  to  the  one  figured  from  the 
fulgurite  of  the  Dom  du  Gout^  is  very  striking.  A  great  number 
of  capillary  glass  rods  pass  obliquely  through  the  preparation  and 
are  cut  off  by  the  planes  of  section,  so  that  from  a  mere  examination 
of  the  slide  one  can  form  only  an  imperfect  estimate  of  the 
encksures.  The  section  shows  one  doubly  refracting  microlith, 
about  7}n>th  inch  in  length,  with  a  dark  zone.  A  few  other 
diminutive  doubly  refracting  specks  axe  also  visible  under  a 
tolerably  high  magnifying  power.  Some  of  the  gas-pores  are  large, 
and,  through  grinding,  have  become  fllled  with  emery  mud.  They 
tiius  fail  to  ^ow  the  bright  central  spot,  and  merely  appear  as 
circular,  black  disks.  What  looks  like  a  dear  glass  ball,  containing 
a  nearly  opaque  brownish  sphere  about  ^th  of  its  diameter,  and 
numerous  minute  angular  granules,  chiefly  of  glass,  occurs  in  one 
part  of  the  section.  This  ball  is  about  ^^th  inch  in  diameter,  and 
causes  a  marked  deflection  of  the  banding  in  the  adjacent  glass  ;  but 
in  this  case  there  is  no  strain  developed,  both  the  ball  and  the 
adjacent  glass  remaining  dark  during  rotation  between  crossed 
nicols.  I  have  no  doubt  that  this  is  merely  a  hemispherical  cavity 
(part  of  a  gas-bubble)  filled  with  Canada  balsam  and  crumbs  detached 
from  the  section  during  mounting.  At  another  spot  an  opaque 
circular  disk  (part  of  a  gas-bubble  fllled  with  emery)  has  also  produced 
a  deflection  in  the  banding  *.  Although  bouteillenstein  is  certainly 
a  remarkably  pure  natural  glass,  the  glass  of  the  fulgurite  from  the 
Dom  du  Goute  is  still  purer,  and  while  the  former  possesses  a  well- 
marked  banded  structure  and  a  few  microliths,  the  latter  is  absolutely 
structureless,  so  far  as  can  be  seen  with  an  ampliflcation  of  over 
lOCK)  linear.  That  bouteillenstein  is  an  obsidian  is  denied  by  Ma- 
kowsky  t ;  but  (apart  from  its  banded  structure)  its  glass  enclosures 
and  numerous  gas-bubbles  and  its  almost  perfect  freedom  from  any 
products  of  crystallization,  render  its  comparison  with  fulgurite 
not  merely  admissible  but  possibly  instructive.  The  bibliography 
of  fulgurite  consists,  I  believe,  chiefly  of  notes  by  De  Saussure  and 
Humboldt,  and  more  recent  papers  by  Abich,  G.  Rose  J,  Giimbel  §, 
Harting  ||,  Romer  1[,  Wichmann  •*,  and  Dillerft. 

*  That  the  strain  in  the  bands  reeults  from  a  tension  or  stretohing-out,  and 
not  tnsm  a  compression  at  right  angles  to  the  direction  of  the  banding,  cannot 
be  prOTed,  since,  in  either  case,  one  would  expect  an  elongation  of  the  gas-bubbles 
by  compresmoH.  In  this  instance  the  pressure  of  the  gas  upon  the  wall  of  its 
cavitv  has  been  greater  than  the  pressure  upon  the  surrounding  glass. 

'*'  Ueber  die  ^uteillensteine  yon  Mahren  vu  Bohmen,  in  Min.  MittheiL  toL  ir. 
p.  43. 

LZdtadir.  d.  d.  QeoL  Gee.  xxr.  p.  112.         §  Ihid,  mir.  p.  642. 
Sec.  BaUT.  Amsterdam,  1873,  p.  13.  1  N.  Jahrb.  f.  Min.  1876,  p.  33. 

Zeitochr.  d.  d.  Geol.  Gess.  xxxr.  p.  849. 
tt  Amer.  Joum.  Soi.  xxviii.  p.  252 
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In  concluding  this  short  paper,  I  would  express  my  sincere  thanks 
to  Prof.  Judd  for  the  trouble  he  has  taken  in  preparing  the  sections 
upon  which  these  observations  have  been  mainly  based. 


EXPLANATION  OP  PLATE  HL 

Fig.  1.  Globule  of  brownish  fulgurite  glass  detached  from  the  surface  of  a  speci- 
men of  hornblende-gneiss.  Summit  of  the  Dom  da  Gout^  Cham  of 
Mont  Blanc.  The  globule  shows  a  blow-hole  at  y^  and  ito  point  of 
attachment  at  dr .    X  25. 

2.  Fragment  of  brownish  fulgurite  glass  broken  fh>m  a  bubble.    It  simply 

shows  conchoidal  fractures  and    some  gas-bubbles.    No  foaoe  (tf 
crystallization  is  visible  in  it .    X 120. 

3.  Fulgurite  on  hornblende-gneiss.    The  froup  of  jzlass  globules  at  s  show 

a  somewhat  radiate  distribution,  ana  some  of  them  are  connected  by 
a  slightly  Titrifled  trail.    Natural  size. 

4.  Glass  enclosure  containing  numerous  gas-bubbles  occurring  in  fulgurite 

fflass,  broken  from  a  bubble .    x250. 
6.  Fu^urite  adhering  to  surface  of  hornblende-gneiss.    At  h  two  gas- 
bubbles  are  seen  in  the  fulgurite  glass  which  incrusts  the  surface  of 
the  rock,  but  does  not  penetrate.    The  dark  opaque  part  of  the  rock 
immediately  imderlying  the  fulgurite  appears  white  when  viewed  by 
reflected  light.    Thm  section,  X 120. 
All  these  specimens  are  from  the  same  locality.    Figs.  1,  2,  4,  and  5  are 
represented  as  seen  under  the  microscope  by  ordinary  transmitted  light. 


DiBOUSSIOK. 

The  Pbesidbnt  said  that  Mr.  Ecdes,  in  some  of  his  Alpine  ascents, 
had  made  a  number  of  observations  on  the  action  of  lightning  on 
rocks,  and  had  pointed  out  to  himself  an  example  of  it  on  Monte 
Leone. 

Prof.  Boyd  Dawkins  had  not  seen  any  evidence  from  the  paper 
that  the  fusion  in  these  cases  was  due  to  lightning.  He  referred  to 
the  vitrification  of  rocks  produced  in  vitrified  forts  and  by  beacons. 

Prof.  Judd  referred  to  the  discovery  of  fulgurite  by  Abich  on  the 
Little  Ararat,  and  to  the  existence  of  other  glasses  without  crystal- 
lites in  Siberia,  Iceland,  and  New  Zealand. 

The  Author,  in  reply  to  Prof.  Boyd  Dawkins,  explained  that  the 
rock  could  not,  from  its  situation,  have  been  fused  by  artificial 
means. 
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20.  On  Brbcgiatei)  Porfibo-bosso  akttoo.  By  Frank  Rutlbt, 
Esq.,  E.G.S.,  Lecturer  on  Mineralogy  in  the  Normal  School  of 
Sdence  and  Eoyal  School  of  Mines.    (Bead  Eebruary  25, 1885.) 

This  well-known  rock,  the  porphyrites  of  Pliny,  the  typical  porphyry 
of  the  earlier,  and  one  of  the  typical  hornblende-porphyrites  of 
more  recent  petrologists,  has  already  been  described  in  considerable 
detail  by  numerous  writers,  especially  in  an  admirable  paper  by 
the  late  Prof.  Delesse*.  His  observations  upon  a  large  number  of 
specimens  collected  at  Djebel  Dokhan,  the  Porphyrites  Mons  of  the 
ancients,  by  M.  Lefebvre,  are  remarkable  for  the  precision  with 
which  they  were  made  at  a  period  when  the  microscopic  examina- 
tion of  thin  sections  of  rock  was  unknown,  or  at  all  events  in  the 
very  year  (1850)  when  such  sections  were  first  made  by  Dr.  H.  C. 
Sorby. 

The  observations  of  Delesse  were  made  chiefly  with  low  magni- 
fying-powers  upon  polished  surfaces  of  the  rock,  and  by  reflected 
light.  Brief  descriptions  of  it,  based  on  the  examination  of  thin 
flections,  have  also  been  published  in  several  works.  On  looking  at 
a  section  recently  prepared  from  a  specimen  of  this  rock,  I  was 
surprised  to  see  that  it  consisted,  not  of  a  continuous  section  of 
homblende-porphyrite,  but  of  fragments  of  that  rock  held  together 
by  a  micro-crystalline  granular  cement.  On  referring  to  Dclesse's 
paper,  I  found  that  he  described  two  kinds  of  the  Porfido-rosso 
antico,  one  being  the  rock  in  its  normal  condition,  the  other  a 
brecciated  variety.  It  is  to  the  latter  that  I  would  now  direct 
attention. 

The  specimen  is  of  reddish-brown  or  maroon  colour,  flecked  with 
small  white  or  reddish- white  crystals  of  felspar  and  dark  hornblende 
crystals,  which  as  a  rule  are  considerably  smaller  than  the  felspars. 
It  closely  resembles  the  fig.  2  on  the  coloured  plate  attached  to 
Delesse's  paper.  The  section,  when  examined  under  a  low  power  by 
ordinary  transmitted  light  (see  figure,  p.  158),  is  seen  to  consist  of 
angular  and  subangular  fragments  of  homblende-porphyrite  ranging 
from  about  an  eighth  of  an  inch  in  diameter  to  very  small  dimen- 
sions, and  surrounded  in  most  cases  by  opaque  borders  of  what 
appear  to  be  dark  granules.  This  bordering  of  the  fragments  and 
their  frequently  well-rounded  angles  suggest,  at  first  sight,  the 
idea  that  they  are  lapilli  which  have  undergone  superficial  fusion. 
That  they  are  true  fragments  there  can  be  no  doubt ;  for  the  horn- 
blende and  felspar  crystals  which  lie  on  their  margins  are  often 
irregularly  broken  away,  while  a  fine  debris  of  hornblende  crystals, 
felspar  crystals,  and  porphyrite  ground-mass  is  scattered  through 
the  micro-crystalline  cement  which  binds  the  fragments  together. 
The  ground-mass  of  the  porphyrite  looks  as  if  it  were  crypto- 

*  '*SeehercheB  sur  le  Porphyre  Rouge  Antique  et  but  la  Syenite  Boae 
d'Egypte/*  BaU.  Soo.  G6oL  de  France,  2«  s^rie,  t.  vii. 
Q.  J.  G.  S.  No.  162.  IT 
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crystQlliiie,  and  haft  a  blQish-greT  tint,  wliile  the  cement  bae  &  more 
coarsely  crjstalliue  texture^  and  Is  nearly  colourlDss. 

Brecciaied  Porfido-n^sio  aniko  (  x  18  ■  by  ordinary  transmitted 

ligbt). 

Tbe  iiliceous  cement  is  indicated  on  the  umFgin  by  tb*  lettPT  C  mnd  » lin*. 
The  diatinctly-drawn  eryatah  iy«  chiefly  hornblende. 


The  diPFtrcnr©  between  the  fragmputa  and  the  cement  is  sttU  mure  lUOHglf 
Diarked  when  the  station  is  viewed  between  crosaed  diooIJv 

When  the  section  is  placed  on  an  opnqne  vhite  ground  and 
examined  by  reflected  light,  the  fragments  appear  of  &  pale 
yellowish  colour,  and  their  borders,  which  by  transmilted  light 
ap]  tea  red  dark,  now  exhibit  a  deep  yellowish  or  coffee-colonf. 

On  a  black  ground  by  refieeted  light  the  frapmeota  hftTt?  a 
yellowish-red  colour  with  a  more  intense])-  red  border,  in  the  outer 
edge  of  which  there  is  uennlly  a  belt  of  yellowish- white  opaque 
grnnules.  Tlie  lalter  are  a|i]>arently  kaolinizcd  felspar — similnr 
granule?,  tit  ik»  and  altered  t  el  spar  crystals,  occurring  irregnJttrly 
aeattered  throuf^^b  the  interior  of  the  ^lorphyrite  t'ragnient«. 

The  character  of  the  borders  of  these  fragmenta  indicates  decoin- 


4 


Digitized  by  VjOOQ IC 


p.  B17TLET  OV  BBBOOI^TBD  POBFIDO-BOflSO  AITTICO,  159 

positioii  rather  than  fusion.  The  groand-mass  of  the  porphyrite 
fragments,  although  possessing  a  finely  granular  or  orypto-crystalline 
Btmcture,  appears  very  dark  during  rotation  between  crossed  niools ; 
tod  from  this  it  seems  probable  that  it  was  once  vitreous,  and  that 
there  is  still  more  or  less  of  a  glassy  residuum. 

The  following  extract  from  Delesse's  paper  shows  that  he  was 
▼eU  acquainted  with  the  brecciated  character  of  this  rcok,  although 
he  oould  not  then  have  seen  it  in  the  perfection  with  which  it  is 
demonstrated  in  microscopic  sections : — *^  The  structure  of  the 
Porfido-rosso  antico  is  seldom  completely  uniform;  it  is  often 
brecciated,  as  is  the  case  in  other  porphyries,  and  especially  in  the 
mdaphyres  ;  the  angular  fragments  which  it  contains  are  therefore 
simply  varieties  of  the  rock  itself.  These  fragments  are  sometimes 
quite  distinct  from  the  paste  which  surrounds  them,  and  from  which 
itiej  are  sharply  separated.  Bometimes,  on  the  other  hand,  they 
have  no  definite  contours,  and  they  melt  imperceptibly  into  the 
porphyry."  (A  figure  in  illustration  of  this  is  appended  to  his 
paper,  in  which  the  brecciated  character  is  merely  indicated  by  the 
nesting  together  of  the  felspar  crystals  in  irregular  areas.)  <^  One 
sees,  in  fact,  that  certain  parts  having  angular  forms  are  quite 
distinct  from  the  paste,  for  they  take  a  fine  polish,  have  a  slightly 
different  colour,  and  contain  larger  and  better-formed  crystals  of 
felspar.  It  is,  however,  impossible  to  distinguish  the  boundaries  of 
porphyry-fragments  corresponding  to  these  angular  patches ;  for  it 
may  be  that  they  are  fragments  which  have  been  fused,  or  stuck 
together  (ressoucUs\  or  that,  the  paste  not  having  been  brought  to 
a  state  of  complete  fiuidity  and  not  having  a  uniform  composition, 
the  felspar  was  unequally  developed  in  the  rock."  Prom  a  careful 
examination  of  the  section  already  described,  I  do  not  think  that 
this  latter  theory  is  tenable ;  and  although  the  former  might  at  first 
sight  appear  to  be  true,  yet  the  decomposed  character  of  the  borders 
of  the  fragments  contradicts  such  an  hypothesis.  As  a  rule,  the 
fragments  of  a  rock  which  has  been  crushed  and  recemented  in  situ 
would,  if  brought  in  contact,  fit  together  accurately  like  the  pieces 
of  a  puzzle.  In  the  section  before  us  there  is  a  general  correspondence 
of  the  disrupted  parts,  although,  in  some  places,  the  fragments  have 
become  widely  separated  and  possibly  shifted  slightly  in  a  rotatory 
manner;  whUe  tiie  alteration  of  some  of  the  porphyritio  felspar 
crystals  into  micro-felsitic  matter,  closely  resembling  the  cement, 
teiids,  especially  when  such  crystals  lie  on  the  borders  of  the  frag- 
ments, to  increase  the  impression  that  the  neighbouring  fragments 
would  not  fit  together. 

If  the  fragments  were  volcanic  ejectamenta,  there  would  be  little 
or  no  appearance  of  their  former  continuity.  Moreover,  in  this  rock 
there  is  not  the  slightest  admixture  of  material  derived  from  other 
rocks,  while  in  volcanic  tufb  and  dust  one  frequently  finds  that  the 
constituent  grains  and  lapilli  are  not  all  of  one  kind.  Having,  in 
the  first  instance,  assumed,  from  the  general  appearance  of  the 
section,  that  the  rock  was  a  tuff,  I  have  been  gradually  led  to  the 
conviction  that  its  brecciated  character  is  due  simply  to  crushing 
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and  to  the  fltibseqnent  cementing  of  tLe  crushed  material  in  titv. 
The  finely  comminuted  porphy rite-substance  whit-h  liea  in  the  ecment 
tends  to  prove  this. 

With  regard  to  the  power  of  resistance  to  cnisbing  which  this 
rock  possesses,  BeleKse  states  that,  compared  with  thut  of  the  red 
E^ptiiin  Byenit-e-j  it  ia  as  ;?J  to  1» 

The  ^oiind-mass  of  the  porphy rite-fragments,  when  magnified 
250  linear,  shows  great  numhers  of  minute  granules  and  a  smaller 
proportion  of  micruhths.  Most  of  the  latter  appear  to  lie  with  tbt^ii 
longest  axes  parallel,  from  which  it  may  be  inferred  that  they 
are  normal  constituents  of  the  porphyrite  and  not  devitrilicatiou- 
pro<luets.  The  devitrification  seems  for  the  most  part  to  be  of  a 
granular  and  not  of  a  microlithic  character. 

Although  the  veins  of  ctrmcuting  matter  contain  some  felspar 
among  the  other  finely  crushed  mat-onal  derived  from  the  porphyritc, 
I  am  inclined  to  regard  it  maiuly  as  quartz.  Delctiso  de«cribea 
specimens  of  this  rock  in  which  very  distinctly  visible  quartit-veici 
occur,  one  which  he  figures  being  certainly  not  less  than  un  eighth 
of  an  inch  in  breadth  at  the  broadest  part.  He  states,  however^  that 
quartz  is  of  rare  occurrence  in  the  Porfido-rosso  autico.  The  Siime 
author  observes,  with  regard  to  the  constituent  minerals  of  the  rock 
that  the  felsjmrs  are  triclinic  and  have  a  composition  wiiich  is 
between  that  of  oligoclase  and  andesine,  that  hornblende  is  pre^iit, 
and  also  specular  iron  and  magnetite,  the  rock  itself  possessing 
a  feeble  magnetic  power. 

From  a  microscopic  examination  it  appears  that  the  felspars  are 
much  altered,  in  many  cases  containing  what  appears  to  he  epidotf. 
Bopenbusch  describes  a  reddish  alteration-prodnct  in  the  felspars  of 
this  rock,  which  he  also  is  inchoed  to  regard  as  epidote.  He  like- 
wise mentions  the  occurrence  of  apatite*,  of  which  some  good 
crystals  may  be  seen  in  the  section  here  described.  The  magnetite 
occurs  in  octahedra,  and  also  in  irregularly  shaped  patches.  I  have 
been  unable  to  get  satisfactory  measurements  of  the  angles  of 
extinction  in  the  felspars,  some  crystals  giving  very  small  angles, 
while  others  extinguish  at  about  4U^  from  the  planes  of  composition 
of  the  twin  lamelloD,  and  these  must  in  aU  probability  be  anorthite. 
The  majority,  however,  have  ]ow  extinction -angles  and  are  most 
likely  oligoclase  or  andesine,  as  suggested  by  Delesse, 

The  horn  blende-crystals  are  very  perfectly  developed,  and  few 
rocks  contain  more  typical  examples  of  this  mineraL  In  on© 
insjtance  a  hornblende  crj^stal  contains  in  ita  centre  mi  irre^lar 
enclosure  of  quartz,  and  many  of  them  envelope  ma^ctite,  either 
in  octahedral  crjstals  or  in  irregular  grains. 

The  l*orfido-ro8so  antico  occurs  at  DjebelDokhan  in  a  vein  from  20 
to  25  metres  broad,  traversing  pegmatite.  Particulars  concerning  its 
mode  of  occurrence  ure  given  in  the  ptqjer  by  Prof.  Belease  already 
cited.     Some  sections  lent  to  me  by  Prof*  Judd  show  bens  and  there 

*  *  Mikroskoptdche  Phj»iographic  d.  mussigun  Geateme^'  p>  29ty :  StuU^;mri, 
1877. 
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Bmall BJliceons  veins  in  which  minute  "  horses  "  of  the  rock  occur; 
but  the  specimen  from  which  they  were  cut  is  not  of  the  brecciated 

Twiety. 

DiscTJssioir. 

The  Presibent  pointed  out  that  some  of  the  antique  sculptures 
of  porfido-rosso  in  Italy  show  on  their  polished  surfaces  clear  indi- 
cations of  a  brecciated  structure.  He  read  the  following  passage 
from  his  journal  during  his  stay  in  Florence,  in  December  1875 : 
—"In  one  of  the  first  rooms  at  the  Pitti  is  a  superb  vase  of 
porfido-rosso,  a  sort  of  saucer  in  form,  about  8  feet  across.  This 
certainly  is  a  breccia,  being  full  of  pieces  angular  and  subangular, 
of  different  grain  and  crystallization,  darker  or  lighter  than  the  red 
matrix,  also  porphyritic,  just  like  what  one  would  expect  a  highly 
altered  ash  to  come  to,  and  the  crystals  had  rather  the  appearance 
of  that.''  At  that  time  he  was  familiar  with  volcanic  agglomerates, 
bat  not  with  crushed  rocks ;  but  he  now  thought  Mr.  Rutley's 
eiplanation  was  probably  the  right  one. 
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BinTisn  Lavas.    By  Gkekville  A,  J,  ColEj  Ea^.,  F.G,S.   {liend 

March  11,  188o.) 

[Plate  TV.] 

It  is  now  (juite  tin  necessary  to  call  attention  to  the  fact  that  many 
of  the  Silurian  **  felst^mm  '^  of  North  Wales  were  originally  laTas  of 
a  highly  glassy  typo.  The  inyestigation  of  their  characters  by  Mr, 
Rutley  *  and  Prof.  Bonney  t,  and  their  comparison  with  Tolcanic 
rocks  of  far  later  periodB,  has  fairly  removed  them  from  the  con- 
venient class  of  felstoTies,  and  given  them  a  stricter  position  m 
altered  rhyolifces,  trachytes^  or  ohsidians,  Perlitic,  spherulitic, 
and  banded  etmctures  have  been  recorded  in  thrm ;  the  piegent 
paper  deals  with  a  structure  which  has  been  often  noticed,  and 
which  ia  far  more  obvioua  to  the  eye,  it^  original  character  being, 
however,  veiled  by  much  sabsequeat  al deration. 

Every  one  who  has  examined  the  group  of  Bala  iava*flowi  in  the 
Pass  of  Danberis,  notably  at  the  foot  of  Esgair-felen,  the  great  spur 
of  the  Glyder-fawr  J,  or  on  the  slopes  leading  to  Cwm-glas,  muiit 
have  observed  whole  masses  of  the  compact  grey  rock  crowded  with 
white  or  brownish  spheroids.  These  are  especially  conspicuous  on 
weathered  surfaces,  or  where  a  great  joint-plane  has  made  a  section 
through  some  hundreds,  their  diameters  rnnp^ng  from  less  than  a 
tenth  of  an  in**b  to  fully  two  aad  a  half  inches.  Some  are  evidently 
radial  aggregates,  whether  concretionary  or  amygdaloidal  it  would 
be  hard  at  first  to  eay  ;  but  others,  aud  by  far  the  most  striking,  are 
mere  hollow  nodules,  giving  the  rock  a  coarsely  vesicular  aspect. 
Clear  quartz-crj  stala  often  line  the  inner  surfaces,  and  it  is  note- 
worthy that  the  matrix  has  frequently  the  schistose  character  so 
fully  described  by  Prof.  Bonnej  in  the  case  of  fekites  near  Bett wa- 
y-Coed §.  This  may  admit  of  considerable  percolation  of  water  and 
the  deposition  of  minerals  in  cavitiea  already  formed.  That  tbeee 
cavities  are  not,  however,  produced  by  indiscriminate  weathering  of 
the  matrix,  but  have  some  connexion  with  the  original  condition  of 
the  lava-stream,  is  in  places  shown  by  the  sharp  demarcatioa 
between  a  nodular  bed  and  that  immediately  succeeding  it. 

The  solid  spheroids,  as  a  rule,  seem  composed  of  dense  felsitic 
matter;  if,  however,  they  are  not  the  result  of  the  process  of  in- 
filling that  is  in  progress  in  the  hollow  nodulea,  the  passage  from 
one  type  to  the  other  is  so  gradual  that  a  complete  explanation  of 
the  structure  should  cover  both  extremes. 

Before  entering  inte  any  details  with  regard  to  these  ancient 
examples,  it  may  be  well  to  look  for  similar  structures  among  com- 

•  **  On  Perlitic  nnd  Sphe nditip  Structunea  in  the  LoTas  of  ♦*-  HN  f^^r 
Fnwr,"  Quarl.  Joum.  GcoL  Sue.  vol.  xxxv»  p.  508;   "On  Din  ks 

froiJi  Hofldgelert  nnd  Snowdoo/'  Quart.  Joum.  GeoL  Soc.  vol.  ri%.       , 

t  *' Oil  some  Tioflular  Feltiiti;^  tn  the  Bala  Group  of  North  Wstea, '  i^u^ft. 
Joum.  G<">K  Soc,  voL  sitxviii.  p.  28fl, 

iSee  OtoloiBrirHl  Survey  of  Euglnnti  and  Wales,  Horiioatal  Stsotions,  &irti  3L 
Quart.  Journ.  Oeol/Soc.  iroL  jtJtattiii.  p.  21*1. 
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ptratively  recent  lavas.  It  appears  that  until  1860,  certain  un- 
usually large  segregations  in  the  glassy  rhyolites  of  Hungary  had 
been  classed  with  ordinary  spherulites.  In  that  year,  however, 
Yon  Richthofen,  in  his  paper  eutitTed  ''  Studien  aus  den  ungarisch* 
siebenbiirgischen  Trachytgebirgen  ''*,  considering  that  many  of  these 
bodies  were  hollow  in  the  centre,  and  in  some  respects  resembled  the 
vesicles  of  scoriaceous  lava,  described  them  under  the  name  of 
**  lithophysen."  He  believed  that  inclusions  or  segregations  of 
highly  siliceous  matter  had  been,  during  the  consolidation  of  the 
lava,  blown  up  into  bladder-like  forms  by  the  steam  that  they  con- 
tained. The  toughness  of  the  surrounding  glassy  matrix  prevented 
the  immediate  escape  of  the  steam,  and  caused  these  vesicles  to 
aocumulate  as  hollow  spheroids,  their  walls  being  formed  from  the 
original  segregated  matter.  When  cut  across,  their  cavities  are 
seen  to  be  divided  into  chambers  by  dome-like  lamellss,  one  above 
the  other,  as  if  produced  by  succeasive  expansions  of  the  gas.  In 
some  cases  the  solid  part  of  the  ''  lithophyse  "is  in  a  loose  and 
powdery  condition.  The  glassy  matrix  shows  pronounced  perlitic 
structure,  and  is  often  reduced  to  a  mere  honeycomb  by  the  abundant 
development  of  the  cavities. 

Szabo,  however,  in  1866  ti  represented  the  hollow  nodules  as 
nothing  but  altered  spherulites,  the  removal  of  the  material  from 
the  interior,  partly  in  solution,  partly  as  fine  powder,  having  left  a 
series  of  chambers  which  often  follow  the  lines  of  the  original  con- 
centric structure.  He  states  that  every  successive  stage  of  alteration 
is  to  be  found,  and  believes  that  a  gradual  concentration  of  silica 
occurs  in  the  layers  that  remain.  These  become  finally  strengtheaed 
by  a  deposit  of  quartz-crystals  upon  their  surfaces. 

It  might  still  have  been  argued  that  the  material  found  partially 
or  even  completely  occupying  the  centres  of  these  Hungarian 
spheroids  was  merely  a  product  of  infiltration  ;  but  in  addition  to 
diemical  evidence  given  by  SzaImS,  Karl  von  Hauer  t  published,  a 
few  months  later,  analyses  both  of  the  ground-mass  surrounding  the 
^  Litiiophysen '^  and  of  their  contents.  His  results  may^be  thus 
compared : — 

Arerafe  of  three  Analyaea  Contents  of  the 

of  we  Ground-nuMB.  Lithophysen. 

Snica 76-72         76-91 

Alumina 12*72  1  ^.^^ 

Ferric  oxide    1-80/      ^*"^ 

Lime   146         0-94 

Magnesia    0-26         0-34 

Potash    4-10         3-07 

Soda    2-88         3-36 

Loss  on  ignition  .. ..     0*74         1*30 

99-90 

*  Jabrbuish  der  L-k.  geol.  Beiehnnitalt^  1860,  p.  180. 

t  "  Die  Trachyte  una  Bhyolite  der  Umgebung  von  Toki^."  Jahrb.  der  k.-k. 
rol  Beidmnttalt,  1866,  p.  89. 

t  "  Die  Qeeteioe  mit  Lithophysenbildungen  von  Teliki-Banya."  TerhandJ. 
der  k.^  geol  Beushaanxtalt,  1866^  p.  98. 
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There  is^  then,  no  eaaential  difference  between  the  composftron  of 
the  matrts  and  the  solid  portions  of  the  modules,  and  the  latter  are 
therefore  far  more  likely  to  have  been  produeed  from  the  roek  bj 
devitrification  during  eooling  than  by  anj  subsequent  alteration. 

Two  determinations  bearing-  out  this  view  are  given  of  tbo 
Bpecifie  f^mvity  of  the  gronndmnsa,  vii^.  2-410  and  2-403,  that  of  tlie 
material  of  the  '"  Lithophyse  "  being  2-420.  The  figures  expressing 
"loss  on  ignition"  in  the  tinalyaes  may,  elfght  us  the  difference  is» 
suggest  that  decomposition  has  already  begun  in  the  denitrified 
portions  of  the  rock. 

J.  Roth*,  commenting  on  Von  Haiier's  analyses,  fuOy  agrees 
with  Sstabo  in  regarding  the  hollow  structure  aa  the  result  of  the 
decomposition  of  spherulit^s,  and  this  opinion  appears  to  be  generally 
adopted.  Zirkelf  has  thus  referred  to  "  Lithophyses  "  from  the 
Yellowstone  area  us  '*  spha&rolitea  nearly  as  thick  as  a  walnut,  tbat 
derelop,  by  decomposition,  the  concentric  layer-structure,''  all  sfcoget 
occurring  "  between  spbterolif  es  in  the  natural  state  and  cavities  in 
which  there  are  ^ve  or  six  shells  with  their  isolated  borders,"  Mr, 
William  Semmons  has  kindly  allowed  me  the  use  of  specimens 
showing  similar  features,  which  ho  collected  from  the  obsidiAH 
cliffs  of  Beaver  Lake. 

E,  Weiss  Jj  dealing  with  a  group  of  rocks  from  the  ThuiingtaD 
Forest,  insists  on  the  fact  that  here  also  the  hoUow  spheroids  met 
with  are  nothing  but  larger  spheruHtes,  and  points  out  that  the 
solid  pari;a  of  both  show  radial  structure  in  thin  sections ;  bat  be 
returns  towards  the  older  theory  af  Yon  Riehthofen  in  suggesting 
that  material  separating  from  a  glass  may  be  built  up  around  i 
vesicle. 

We  are  left,  then,  with  two  possible  explanations  of  the  hollow 
nodules  found  in  lavas.  Their  outer  and  solid  portion  may  safely  be 
ascribed  to  spherulitic  segregation  from  the  matrix  ;  but  the  inner 
cavity  may  be  either  the  result  of  weathering  upon  a  compete 
spherulite,  or  a  steam- vesicle  that  has  acted^  like  an  included  crystid 
or  foreign  body,  as  a  centre  of  devitrification  during  cooling. 

It  does  not  appear  that  any  real  evidence  haj*  been  brought  forward 
in  support  of  the  latter  view ;  but  as  a  vesicular  origin  has  been 
assigned  to  some  of  the  Welsh  nodular  felsites§,  and  perhape,  by 
implication,  to  those  of  the  Llanberis  Pass,  it  may  be  well  to  inquire 
whether  the  decomposition  of  sphe^rnlites  is  not  in  reality  safiicieDi 
1 1  explain  the  characters  of  these  rocks. 

The  determination  of  the  conditions  under  which  exceptionally 
large  spherulites  arise  must  be  left  to  those  who  are  studying  the 
devitrification  of  artificial  ghise,  Such  forms  are  so  fm}Uently 
asBociatcd  with  small  ones  that  the  variation  hi  size  of  the  iSilurian 
nodules   is  no  evidence  against  their  being  all  of  ooiamon   and 

♦  Boitriige  Rur  Petrographie  der  pltilonischen  OisstWDe»  18459,  p,  16&  Abo 
Allgemeine  and  chvmiBobG  Qeolojsne,  1883,  vol.  ii,  p.  9. 

t  U.S.  ExploratiDii  of  the  4(Jth  Parallel,  Mierotoopical  PeUompliy,  pL  213: 
I  Zeitaelirirt  dor  dcuteohen  gool,  Ge»*«?lL  1877,  vol  xxa,  p.  421, 
§  Qtinrt.  JoiiTQ,  Qeol.  Boq.  tqL  xxxvuL  p.  2y5, 


Digitized  by  VjOOQ  IC 


OCCUBRBNCS  IN  AKCIENT  BRITISH  LATAS.  165 

sphernlitic  origiQ.  There  may  be  made  oufc,  however,  among  later 
laras  two  classes  of  large  spherules,  which  are  merely  extensions  of 
itractures  familiar  enough  upon  an  ordinary  scale. 

We  know,  for  instance,  how  in  many  obsidians  the  spherulites 
prove  on  microscopic  examination  to  be  mere  cloudy  aggregations, 
with  perhaps  the  faintest  trace  of  radial  structure.  Thus  in  a 
beaattfal  example  from  Iceland,  numerous  brown  irregular  patches 
are  seen  separating  out  along  the  lines  of  banding;  since  crystal- 
lization has  not  gone  so  far  as  to  condense  into  microliths  the 
globuhtes  of  which  they  are  formed,  these  little  nodules  show  the 
banding  and  even  the  fluidal  structure  of  the  matrix  passing  unin- 
t6mi])tedly  through  them.  Their  relation,  indeed,  to  these  pro- 
bably earlier  structures  is  that  of  concretions  in  sedimentary  rocks 
to  the  beds  in  which  they  He  (PL  IV.  fig.  1). 

In  proportion  as  slower  cooling  allows  of  the  radial  grouping  of 
t^e  constituents,  so  the  drawing  together  of  the  material  towards  a 
centre  tends  to  sharpen  the  limit  between  the  spheruHte  and  the 
glass,  until  a  crack  is  often  the  result.  Usually,  however,  the  outer 
border  of  even  these  well-marked  forms  contains  a  large  amount  of 
glass,  and  frequently  concentric  coats  of  similar  cumulitic  and  glassy 
matter  intervene  between  the  radial  zones. 

Taking  now  sections  of  the  obsidian  with  "  lithophysen  "  from 
Beaver  Lake,  we  find  in  places  no  distinct  boundary  between  the 
grey  nodular  aggregations  and  the  banded  structure  of  the  glass 
(PI.  IV.  fig.  2).  The  lines  of  minute  spherulites  run  into  the  larger 
felsitio  masses ;  and  the  latter,  though  probably  somewhat  altered 
since  the  consolidation  of  the  lava,  contain  throughout  the  same  rod- 
like form  of  crystallites  as  is  abundant  in  the  surrounding  matrix. 
The  felsitic  substance  is  distinctly  oryptocrystalline,  its  iU-defined 
particles  polarizing  in  colour;  and  a  very  rough  attempt  at  concentric 
arrangement  occurs  in  portions  of  the  nodules,  the  lines  being  brought 
ont  in  hand-specimens  by  unequal  weathering.  Such  irregularly 
bounded  nodules  may  be  broadly  regarded  as  segregations  of  rhyolite 
in  rhyolite-glass.  They  are  localizations  of  such  stony  material  as, 
in  longer  process  of  cooling,  might  have  finally  spread  throughout 
the  mass. 

The  equally  irregular  central  hollows  bear  no  resemblance  to 
steam-vesicles,  while  signs  of  alteration  are  very  evident  in  the 
felsitic  matter  round  them.  Flakes  of  haematite,  red  by  transmitted 
light  and  giving  an  iron-reaction  before  the  blowpipe,  are  developed 
in  the  powdery  mass ;  and  the  beautiful  rod-like  crystallites,  clear 
and  colourless  in  the  matrix,  have,  in  these  decomposing  nodules, 
been  either  converted  into  or  replaced  by  a  red-brown  ferruginous 
product.  While  the  specific  gravity  of  the  glass  is  2*41,  that  of  the 
nodule,  obtained  by  means  of  the  bottle,  is  only  2*31,  a  result 
pointing  towards  hydration  of  the  constituents  rather  than  towards 
such  a  concentration  of  silica  as  Szab6  refers  to  in  the  case  of  the 
Hungarian  "  Lithophysen  "  *. 

If,  then,  the  nodular  obsidian  of  Beaver  Lake  appears  to  reproduce 
*  Jahcb.  der  k.-k.  geol.  Beichs.  1866,  p.  89. 
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on  a  large  scale  the  imperfect  type  of  spherulitio  structare,  the  famous 
Hungarian  examples  bear  the  same  relation  to  the  conceDtric  and 
well-marked  radial  types.  The  "  Lithophysen  "  in  a  rhyolite  brought 
by  Prof.  Judd  from  Lipari  have  affinities  with  both  groups;  and 
reflection  will  show  that  towards  the  centre  of  snch  a  felsitic  segre- 
gation as  has  been  described  the  material  may  often  tend  to  become 
more  and  more  fully  crystalline.  Thus  in  smaller  cases — an  obsidian 
from  Vulcano,  for  example — the  colourless  radial  groups  of  crystal- 
lites form  independent  well-bounded  spherulites  in  the  midst  of 
brown  clouds  of  globulitic  dust. 

A  snperb  example  of  hollow  spherulitic  structure  occurs  in  an 
obsidian  brought  from  Iceland  by  Mr.  J.  Starkie  Gardner.  Hie 
brown  spherules,  sometimes  single,  sometimes  intergrown,  show 
radial  structure  to  the  naked  eye,  and,  as  might  perhaps  be  expected, 
a  sharp  crack  divides  their  outer  surfaces  from  the  glass.  Even  ia 
the  cases  one  may  meet  with  in  breaking  the  specimen  across,  the 
inner  cavities  are  often  very  large  in  proportion  to  the  fibrous  shell ; 
but  here,  again,  we  see  nothing  of  the  smooth  curving  surface  of  a 
steam-vesicle.  The  microscope  shows  the  solid  portion  of  the  sphe- 
rules to  consist  of  delicate  radially  grouped  fibres,  with  some  trace  of  a 
concentric  structure  near  the  outer  margin.  The  inner  extremities  of 
these  fibres  are,  as  it  were,  frayed  out,  with  signs  of  the  formation 
of  secondary  minerals  between  them  (PL  IV.  fig.  3).  Everything, 
indeed,  again  points  to  the  conclusion  'that  the  hollow  structttre  is 
only  a  result  of  decomposition. 

Now  lava-streams  are  especially  subject  to  the  attacks  of  acid 
vapours,  of  steam,  and  of  water  of  high  temperature,  during  the  later 
stages  of  eruption  *,  and  the  numerous  cracks  of  tiie  ghuwy 
varieties  will  afford  access  to  all  portions  of  their  mass.  The  parts 
most  likely  to  be  afibcted  are  any  felspathic  crystals  that  may  be 
included,  the  crystallites  of  magnetite  that  may  have  separated  out, 
and  the  spherulites  that  are  most  differentiated  from  the  glass. 

Long  ago  Scrope  f  pointed  out  that  such  *^  globular  concretions  " 
are  first  acted  upon  by  decomposition,  and  give  rise  to  some  of  the 
forms  of  ^*  varioHte,"  though  he  does  not  definitely  refer  the  hollow 
spherulites  that  he  noticed  in  the  perlites  of  the  Ponza  Isles  ^  to 
any  process  of  alteration.  The  more  developed  their  radial  structure, 
the  more  planes  of  weakness  will  the  spherulites  contain ;  and  at 
the  very  centre,  where  the  individual  fibres  terminate,  the  decom- 
posing agents  will  probably  find  good  hold.  At  the  same  time  the 
outermost  layer  of  the  spherule,  between  which  and  the  glass  there 
is  often  small  cohesion,  will  become  reddened  with  iron  alteration- 
products  and  perhaps  appreciably  dissolved.  Where  radial  and 
partly  vitreous  layers  alternate,  tlie  former  perish  while  the  latter 
remain.  This  may  be  illustrated  by  banded  obsidians  from  lipari, 
in  which  all  stages  of  the  process  can  be  made  out  easily  with  a 

*  Compare  Judd, "  Voloano  of  Sohemaiti,"  Quart.  Joum.  GeoL  Soo.  rcL 
xxxii.  p.  322. 

t  ConsideratiotiB  on  Volcanoes,  1826,  p.  118. 

I  Trans.  GteoL  Soc  nrieB  H.  vol.  ii.  pp.  202  and  218. 
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lens ;  and  there  can  be  little  doubt  that  the  original  "  Lithophysen  " 
are  records  of  exactly  the  same  action.  It  is  interesting  to  find 
very  similar  appearances  in  our  ancient  rhyolites  of  the  Wrekin, 
tiie  roughly  concentric  cavities  formed  by  the  weathering  of  large 
spherules  becoming  lined  with  crystallized  quartz  (PL  IV.  fig.  4). 
The  red  earthy  fibrous  centres  of  the  ordinary  Wrekin  spherulites  *, 
contrasting  with  their  clearer  borders,  are  probably  similar  evidence 
of  the  more  ready  decomposition  of  the  radial  and  perhaps  more 
basic  portions. 

The  one  difficulty  of  this  view  of  the  formation  of  hollow 
spherulites  is  the  getting  rid  of  the  kaolin  that  will,  in  all  proba- 
bility, be  formed.  But,  even  if  the  alumina  is  not  removed  in  soluble 
combinations,  the  extreme  minuteness  of  kaolin-particles  will 
enable  them  to  enter  and  pass  along  the  cracks  of  a  vitreous  lava 
with  comparative  ease.  Perlitic  fissures,  to  which  the  mtore 
obvious  joints  of  a  hand-specimen  are  veritable  gullies,  may  at  last 
become  choked,  but  are  none  the  less  active  as  transporting  channels. 
Some  of  them,  in  an  interesting  specimen  brought  by  Mr.  Car- 
mthers  from  the  Yellowstone  area,  measure  from  '02  to  *06  millim. 
across ;  and  the  sharpness  of  their  edges  removes  the  suspicion  that 
they  may  have  been  much  widened  by  decomposition.  Now  large 
particles  of  kaolin,  such  as  one  may  rub  off  altered  felspar  with  the 
finger,  may  measure  -01  millim.  and  more ;  but  the  material 
washed  down  naturally  from  a  granite  area  is  seen  to  consist  of 
specks  far  smaller,  -004,  '002,  0015  millim.  or  less  in  diameter.  The 
way  in  which  kaolin-dust  penetrates  all  the  cracks  of  a  decomposing 
granite,  and  even  the  planes  of  separation  between  different  minerals, 
is  fair  evidence  of  its  capacity  for  wandering  from  its  parent  source ; 
and  the  frequent  occurrence  of  "Lithophysen"  in  rocks  showing 
pertitic  structure  may  be  due  to  the  greater  number  of  channels 
tiiere  provided  through  which  the  alteration-products  may  run 
their  course  f. 

To  return  at  last  to  the  Silurian  felsites  of  the  Danberis  Pass,  we 
find  in  microscopic  sections  ample  proof  of  their  spherulitic  character 
and  of  the  community  of  origin  of  both  solid  and  hollow  nodules 
(PL  IV.  fig.  5).  The  relics  of  radial  structure  are  faint  but  indubi- 
table, and  the  junction  of  the  spherules  and  the  glass  is  usually  well 
defined.  Quartz  may  be  seen  developing  among  the  crypto- crystalline 
iibres,  and  brilliantly  surrounding  the  central  hollow  when  it  occurs. 
But  in  place  of  this  cavity  in  several  cases  are  the  remains  of  original 
smaller  spherulites,  apparently  of  more  complete  development  than 
the  surrounding  felsitic  nodule,  and  therefore  more  liable  to  decay. 

*  8.  Allport,  "  On  oertain  ancient  deritrified  PitcfaBtonea  and  Perhtes  fh>m 
Shromhire/'  Quart.  Joam  QeoL  Soc.  voL  zxxiii.  p.  454. 

t  I  cannot  refrain  from  here  referring  to  a  case  bearing,  perhaps  distantly, 
on  hollow  sphenilitee.  In  muoh-altered  granite  (luxuUianite)  boulders  on  the 
■lopes  above  the  inlet  of  Nanjisal,  near  the  Land's  End,  manV  of  the  felspar- 
CTfstals  are  found  to  be  nothing  but  hollow  shells  lined  witn  well-developed 
quartz.  In  plaoes  this  infiltered  silica  has  entirely  replaced  the  orthoclaae 
■od  formed  solid  pseudomorphs  that  are  completely  deceptive  at  a  distance. 
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Sometimes  singly,  sometimes  in  groups,  these  centres  of  the  larger 
nodules  point  to  the  origin  of  much  of  the  hollow  structure  ;  while 
in  other  cases,  just  as  in  the  Yellowstone  obsidian,  the  decom- 
position may  have  ramified  through  fairly  uniform  segregations. 

The  matrix,  now  much  altered,  is  magnificently  perlitic,  and  Hie 
removal  of  any  kaolin  would  thus  prove  easy  ;  but  the  rock  is  also 
rudely  cleaved,  the  spherules  themselves  have  occasionally  been 
faulted,  and  ample  time  has  been  allowed  since  the  dying-out  of 
Snowdonian  fnmaroles  and  hot  springs  for  the  work  which,  doubt- 
less, began  to  be  silently  carried  on  to  our  own  day.  If,  as  I  hope, 
one  of  the  more  perplexing  structures  of  our  ancient  lavas  may  be 
adduced  as  additional  evidence  of  their  similarity  to  those  of  modem 
days,  the  object  of  these  notes  will  have  been  amply  served.  It  is 
probable,  however,  that  no  petrographical  characters,  nothing,  indeed, 
shen  of  stratigraphical  evidence  and  comparison  from  point  to  point, 
can  absolutely  define  the  relations  of  an  igneous  mass.  The 
orbicular  segregations  of  a  deep-seated  rock,  classed  as  spherulites 
by  Vogelsang,  but  defined  as  "  belonospherites "  rather  than 
**  felsospherites  "  *,  might  in  time  give  rise  to  hollow  nodular 
structure.  On  the  oUier  hand,  the  complete  demolition  of  the 
spherulite,  an  operation  going  on  in  the  Icelandic  specimen  of  Mr. 
Starkie  Gardner,  may  in  future  ages  reduce  such  a  rock,  whether  it 
occur  as  an  interbedded  or  intrusive  mass,  to  the  level  of  a 
scoriaceous  obsidian  or  an  amygdaloid. 

In  conclusion,  my  best  thanks  are  due  to  Prof.  Judd  for  kind  help 
and  many  illustrative  specimens,  and  also,  as  before  mentioned,  to 
Mr.  William  Semmons.  Most  of  the  rock-sections  referred  to  have 
been  prepared  in  the  Geological  Laboratory  of  the  Normal  School  of 
Science  and  Eoyal  School  of  Mines. 


EXPLANATION  OF  PLATE  IV. 

Fig.  1.  Section  of  obsidian  from  Iceland,  with  ill-defined  tpherulitee  dereloptng 
along  the  lines  of  banding.     X  12. 

2.  Section  of  obsidian  from  &aTer  Lake,  Yellowstone  Park,  for  oompa- 

rison  with  the  above,  showing  part  of  the  outer  margin  of  a  large 
hollow  spherulite,  with  the  banded  structure  of  the  glass  passing 
into  it  without  interruption.  Some  of  the  bands  are  oompoaed  m 
minute  spherulites.     X  7. 

3.  Section  of  part  of  the  inner  margin  of  a  large  hollow  spherulite  in 

obsidian  from  Iceland,  showing  a  tendency  to  the  formatioii  of 
secondary  minerals  between  the  fibres  of  which  it  is  composed,    x  75. 

4.  Broken  surface  of  altered  rhyolite  from  the  Wrekin  area,  showing  large 

spherulite  with  structure  diaraoteristic  of  "  Lithophysen,"  the  oavitiei 
being  lined  with  crystallized  quarts.     X  1^. 

5.  Section  of  large  hollow  spherulite  in  altered  perlite  from  Esgtir-fiBlflD, 

Pass  of  Llanberis.  The  left-hand  portion  contains  an  inner  nndens 
with  well-marked  radial  structure;  the  right-hand  portion  oootaina  an 
irregular  canty  partly  filled  with  quarts.     X  5^. 


*  Die  Krystalliten,  p.  134. 
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Discussion. 

Mr.  KvTLET  bore  testimony  to  the  careful  obseryations  of  the 
author  of  the  paper.  The  only  cases  in  which  he  felt  any  doubt 
vere  those  in  which  the  irregular  form  of  the  nodules  did  not  seem 
to  be  altogether  reconcilable  with  their  spherulitic  origin. 

The  Pbesidbnt  was  not  able  entirely  to  agree  with  the  author ; 
for  while  his  explanation  might  account  for  some  of  the  structures, 
yet  many  seemed  to  be  due  to  an  original  vesicular  character  of 
the  lava.  He  adduced  cases  which  he  thought  could  only  be 
accounted  for  by  the  expansion  of  vapour-bubbles  in  a  glassy  rock, 
disturbance  of  equilibrium  being  capable  of  inducing  crystallization. 

The  AuTHOB  stated  that  he  did  not  intend  to  apply  his  explana- 
tion generally,  but  only  to  the  cases  he  had  examined.  Some  of  the 
irregularities  in  the  form  of  the  spherulites  are  due  to  crushing  and 
faulting  of  the  rock  in  which  they  are  enclosed. 
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22,  On  some  isrw  or  otPEBFECTLT  known  MiOREPORARfA  from  the 

CIbeat  Oolite  of  the  Counties  of  OxyoB»,  Gloucester,  and 

Somerset.     By  Robert  F,  Tomes,  Esq.,  r,G.S,     (Koad  January 

28,  1885,) 

[Plate  T.] 

Tke  present  paper  ia  tho  reaalt  of  continued  search  for  Corals  in  the 
Great  Oolite,  and  must  be  taken  as  supplementary  to  the  one  1  have 
alrendy  published  in  the  Journal  of  the  Geolog^iual  Society*.  Aa 
the  infonnation  it  contains  is  wholly  eupplemontary,  I  do  not 
deem  it  necessary  that  a  systematic  classilication  of  the  species 
ehouM  bo  very  closely  obs erred. 

A  section  will  be  given  of  the  Great  Oolite  at  Milton,  Oxfordshire, 
where  a  eoralliferoui  bed  is  exposed,  and  one  aUo  of  the  <]uarrj' 
Bear  Ciren<^ester,  from  which  the  late  Mr.  Brown  obtained  most  of 
the  Oolitic  Corala  which  were  giTen  by  him  to  the  Oxf*>rd  Museum. 
These  sections,  MCcompanied  by  an  enumeration  of  the  corals  obtained 
from  them,  and  some  sections  in  the  neighbourhood  of  Bath.,  with 
the  species  they  have  yielded,  constitute  the  principal  part  of  the 
paper.  To  this  will  bo  added  notes  and  descriptions  of  some  of  the 
species. 

The  genus  Bathycoenia,  and  its  allies,  I  have  already  shown  to  be 
characteristic  of  the  Cornbrash ;  but  three  specimens  of  Bafhtic<itnin 
Slatteri  have  lately  been  found  at  Combe  Down,  Bath  ;  and  its 
presence  there,  taken  in  connection  with  the  prevulence  of  the  well- 
known  Bradford-el«y  Encrinite  in  tho  corresponding  coral-beds  of 
Farley  Down  and  Hampton  Down,  would  seem  to  point  to  a  higher 
geological  level  for  the  coralliferoiis  dejjosits  around  Bath  than  I 
have  hitherto  attributed  to  any  of  the  Osfordi^hire  coral-beds*  At 
the  same  time  it  is  desirable  that  1  should  mention  the  oecurreoce  of 
Bathyceema  Slaiifri  in  the  Great  Oolite  of  thi3  railway-eutting  neir 
Kollright,  where  it  was  found  by  Mr.  Jas.  Windoes,  of  Chipping 
Korton,  though  its  exact  position  in  the  section  has  not  been 
ascertained.  Moreover,  as  I  shall  point  out  further  on,  there  are 
some  Htratigraphical  reasons  for  bclie\ing  the  cortd-hcd  at  Caps 
Lodge,  near  Burford,  where  also  the  same  species  of  Bothyccenia  has 
been  met  with,  and  those  near  Bath,  to  be  of  nearly  the  same  age. 

Some  genera  of  Madreporaria,  hitherto  unknown  in  the  Oolites 
of  this  country,  have  been  recently  met  witht  and  will  now  be  added 
to  the  list  of  genera.  They  are  Barfprnilm^Stylosmilia,  IleHocoenia^ 
and  two  new  genera  which  I  have  designated  Thamnoc€enia  and 

Since  the  publication  of  my  several  papers  on  the  Madreporaria  of 
the  Jurassic  formations  of  this  country t  Prof.  Ibnic^m  has  brou^rht  out 
his*'  Revision  of  the  Families  and  Genera  of  SclerodennieZoanlharia*'  "f. 
It  is  a  valuable  compilation,  which  by  bringing  together  a  great 
number  of  references  to  tbe  works  of  other  zooj)hytologi^t«,  past  and 
present,  renders  the  liieratnreof  tbe  subject,  comparatively  s])eaking, 
sim|de  and  easy.     How  fully  the  classiti cation  therein  set  forth   by 

•  Vol.  itiix,  p.  168.  t  Jum-n.  linu.  Soo,  toI  xviii.  Nob.  1(H*1U5,  18bi 
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Prof.  Doncan  will  meet  with  acceptance  at  the  hands  of  other 
workers  in  the  same  field,  cannot  at  present  be  stated ;  bnt  it  may 
be  confidently  asserted  that  in  some  particulars  serious  modification 
will  be  imperative. 

Section  in  Chrovet^g  Qtuxrn/,  near  the  Village  of  Milton. 

ft.    in. 

1.  Sarfice-0oil  and  Bhattered  atone i 3      0 

2.  blattered  stone,  white,  fine- grained,  and  soaroely  oolitic  in  tex- 

ture, containing  a  few  aoattered  fragments  of  corals  and  a 
Ntrituta 3      0 

3.  Marl?  claj  of  a  bluish  colour     2      8 

4.  Coral-bed.    A  light-coloured,  fine-grained,  hard  limestone,  not 

ooUtic,  and  almost  ringing  when  struck  with  a  hammer 2  7 

5.  Marly  clay  with  a  bluish  tinge 1  0 

6.  Stone  in  large  blocks   1  0 

7.  Ferruginous  marly  clay  2  4 

8.  Stone  in  blocks 2  a 

9.  Marly  day  with  a  bluish  tinge   1  6 

10.  Sod  imperfect  stone  with  argillaceous  seams,  containing  CypH- 

eardia,  Natica,  Modiola,  %x\A  Ostrea   1     10 

11.  Marly  shale  with  Afo^ioZa  and  Ojf^ea  3      1 

11  Soft  imperfect  stone 1       2 

13.  Marly  shale  with  CWrw    2  3 

14.  Imperfect  stone,  harder  than  no.  13  1  9 

15.  Marly  shale,  much  filled  with  comminuted  shells  of  Oatrea   1  10 

16.  Imperfect  stone 1  4 

17.  Marly  shale  with  O^^ffa  in  extreme  abundance   8  8 

18.  Bubbly  stone  in  about  eight  layers,  without  either  shale  or  clay 

between  them 4      0 

19.  Marly  shale,  grey  and  ferruginous,  sometimes  indurated,  and 

haying  0«^«a  in  extreme  abundance 3      3 

20.  Dense  oolitic  limestone  of  a  yellow  colour,  and  having  oblique 

lamination.    It  contains  comminuted  fossils,  chiefly  shells,  in 
extreme  abundance  11      8 

54  6 
The  following  Madreporaria  have  been  taken  from  bed  number  6 
of  the  abore  section : — Cryptoecenia^  sp.,  Montlivaltia  caryophyllata, 
Montlivaltia,  a  apeciee  having  a  naked  costulated  wall,  Choritaaircea 
oUma,  Adeloilrcea  magnifica  ?,  hastraa  limitata,  I.  gibbosa^  Tham- 
natiroM  Lyelli,  Anabaxna  complanata,  Microsolena  excelsa. 

From  the  nearness  of  the  above  section  to  the  outcrop  of  the 
Great  Oolite,  and  consequently  to  the  underlying  Inferior  Oolite,  it 
is  more  than  probable  that  it  corresponds  more  closely  with  thel' 
section  exposed  in  the  railway-cutting  near  Stonesfield  than  with 
the  one  at  Caps  Lodge  near  Burford,  though  the  latter  is  only 
distant  from  it  about  a  mile.  But  there  is  further  and  more  direct 
evidence  favouring  the  conclusion  that  the  Caps  Lodge  and  Milton 
sections,  with  their  respective  coral  layers,  do  not  correspond  with 
each  other  in  time.  The  Milton  quarry  is  undoubtedly  the  one 
mentioned  by  Mr.  Hull  at  page  58  of  the  Memoir  of  the  Geological 
Survey,  illustrating  sheet  number  44  of  the  map,  in  these  words : — 
"  On  Milton  field,  in  a  large  quarry,  a  section  similar  to  that  at 
Windrush  is  exhibited.  There  we  find  about  17  feet  of  inter- 
stratified  marls,  shales,  and  thin-bedded  limestones,  highly  fossili- 
ferons,  resting  on  thick-bedded  oolite  more  than  12  feet  thick,  and 
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yielding  krp;e  Llotka,  the  ono  belonging  to  tlic  upper  zone,  tk 
olhtT  to  tho  lowLir/* 

Iknl  number  2U  nf  ni y  section  is  the  thick-beddeil  oolite  mentionid 
by  ifr.  Hull,  nud  coniititulP.s  tlu^  lower  koui?,  imd  this,  he  further  oo 
«iiyp,  is  the  eiiuivaJi-nt  of  the  StoiiChfiebl  8kte.  All  abo^/eit  (liaving^ 
h 0 w  e vcT,  fi  n I  u  L' h  grt- u t < t  1  ti  i t-k o es.s  t  h ji h  is  stated  by  h  i rii )  corre- 
spoTids  with  \hi\  iipprr  /.fjoo.  The  oywter  which  is  so  abundant  in 
Imh  17  III  id  1!^  und  vliith  ot-eurs  als*o  in  fcomo  of  the  otbtT  beds, 
is  proiinhly  (hfrea  Stjut^rhifi^  uud  it^  prev^ileiice  in  these  bedi»  a& 
well  us  the  initure  of  the  stone  und  filiale  of  which  they  ar«  coro- 
postdj  renilerti  it  quite  probable  tbjit  this  part  o(  the  Mil  ton  settioa 
forro^spond^  with  tht*  oyi^ti;r-ljed  in  tlie  Stuneyhi  Id  rutting.  If  mch 
is  the  rui^e,  and  the  roiiij>tici  oolite  below  is  identical  with  ihe 
♦Stone&tield  8 lute,  furtlier  eridonee  in  proof  ctf  tbif  identity  of  tlie 
Htotiesfield  and  Milton  eoralliferouti  deposits  ia  unneceii&ttTy, 

Tiiere  i%  however,  (JDni^idenilde  dissimilfirity  between  these  Iwio 
tordl  beds  ;  the  one  nt  Mibon  beiuf?  mueh  more  nnilorm  in  texture, 
as  well  aF^  much  harder  than  the  one  at  Stoiie^fiehL  The  fortaeris, 
indeed,  6o  compact  a  tstone,  that  it  ia  only  by  fortunate  fractures 
that  the  enclosed  eonils  ean  be  estiujined;  and  whnt  adds  more  to 
the  dif!if'ulty  of  securin^r  otitis  factory  specimens  is  their  highly 
eryst  alii  fie  condition.  Thia  coruUiferoUii  layer  does  not,  indeed, 
pres-ent  the  UBurjl  c bam ct eristics  of  a  coral  bimk,  but  rather  rc&embke 
some  near  dc^possit  into  whieh  they  have  been  removed  from  tht 
ydace  uf  their  growth. 

lly  previous  ti*sertion  that  some  of  the  corals  figured  by  Professor 
Dunraii,  tVom  the  collection  of  the  lata  Mr.  Erowo  of  Cireucesler, 
caino  from  Fairford,  hiL^  met  with  ]>artial  corroboration.  Two 
of  the  E^peeies,  Chyrhfisinra  obfum  and  Cr^/ploca^iiia  ttibtrrosa,  do  not 
occur  in  the  finarry  from  which  Mr.  BrowB  s  collection  was  madev 
and  are  not  to  bo  seen  in  the  collection  given  by  him  to  the  Muscttm 
at  Uxford.  Tlie  gperjefs  were,  1  do  not  now^  entertain  the  least  doabt, 
ori^iinally  in  Miss  iSlatter^s  eoUection,  and  had  beeu  obtained  fifom 
Fairfrird, 

A  visit  recently  paid  to  Cirencester  gave  me  the  opi)ortumty  of 
in^jpccting  the  limc^kiln  (piEirry,  three  miles  along  the  Stroud  roadn, 
and  of  preparing  the  following  section  which  appears  in  it-  It  wua 
from  thia  quarry  that  Mr.  iJrow^n  obtained  his  specimenfl- 

ft    itv 
L  SurftioP'Moil    ..,<.,.................. ..**.-..,»., 4,.,.,.,.**.....,,..       1      tl 

2.  ^oii  and  sJifltrered  fi( one  ,.,,.. ***.,.. ,.,..       1      6 

3.  A  fM>ft  friable  bed  of  loi  *^iirthy  nature,  of  a  deep  yt4low  c^olour, 

and  poll tai tiling  rubbly  nodidur  stotie,    A  speej£«  of  3:km^ 

brisisus  OTi^-urH  in  it... „.*..,. .,..,..*,....*.....,..,_...„..       1       6 

4.  Hai%l,  Giic-gniincd,  -wbitish  atoue,  non-ooUtie,  with  a  somewbAt 

conchoidul  fraut  art?»  and  penetrated  by  tortaoua,  but  more  fir  \^»a 
Terti«il  and  ansLStuuiu^inic  ]>prfomtiotvs,  wbith  are  Elli^  with 
the  su(l  enrlliy  pari  of  thebed  abuve.     No  foseik  observed,....,       2      9 

5.  Fine-grained   oolile  of  a   light  jcllowith  colour,  tfi  iomo  part« 

neaHy  wtiitt?.     Fo!?^!]?^  rM:rt*    ,, .„, SL      0 

6.  Coral-bed.    Besembles  the  last,  but  is  a  little  coarser.     Containa 

a  NerituBa  and  other  uniyalTes,  and  about  15  or  16  species  of 

corals 2      0 

7.  Oompact  yellow  oolite  with  very  few  fossils 2    •  0 
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Bed  4  is  very  peculiar.  It  is  honeycombed  through  and  through 
with  large  perforations,  and  where  the  soft  in-filling  of  the  hollow 
places  has  weathered  out,  is  much  used  for  rustic  rockwork. 

Beds  5  and  6  are  very  much  alike,  and  the  latter  might  almost  be 
regarded  as  the  bottom  part  of  number  5,  but  they  hare  been 
separated  in  the  section  to  define  more  exactly  the  position  of  the 
corals. 

I  have  determined  the  corals  from  bed  6  as  follows: — Stylo- 
tmtUa  reptanSy  n.  sp.,  Stylina  solida,  S.  conifera,  Cryptoecenia^  sp., 
C(mvex€uir<ea  Waltoni^  IsastrcBa  limitata^  L  gihbosa,  I.  Beesleyi^  I. 
UAeroia,  Latimcoandra  lotharinga^  LtUimcgandra,  sp^  CladophyUia 
Babeana,  ThamnattrcBa  LyeUi,  TIiamnastrcBa,  sp.,  JnabiMeia  earn- 
planata,  and  Microsolena  exceUa,  ^ 

The  examples  of  Iscutrcea  gihhosa  are  singularly  fine,  and  one  of 
them,  forming  part  of  Mr.  Brown's  collection,  now  in  the  Oxford 
Museum,  is  very  remarkable.  It  has  long  radiating  finger-like 
processes  springing  from  the  original  gibbous  mass. 

The  most  abundant  coral  in  the  Lime-kiln  quarry  is  Convex- 
attrmi  WaUord,  One  specimen  obtained  by  Mr.  Brown  is  more 
than  a  foot  in  height,  and  consists  of  a  mass  of  parallel  corallites, 
apparently  all  springing  firom  one  base ;  so  far  as  I  could  see,  none 
of  them  were  ramified. 

A  small  and  delicately  formed  Styhsmtlia^  which  has  also  been 
met  with  at  Farley  Down  near  Bath,  occurs  with  the  Cmvexastroia ; 
and  the  association  of  the  two  species,  here  and  at  Farley  Down, 
would  seem  to  indicate  that  the  coral-beds  of  these  two  localities 
may  be  identical. 

The  want  of  a  more  extensive  collection  of  Great  Oolite  corals 
from  the  neighbourhood  of  Bath,  from  which  district  so  many  of 
the  types  of  MM.  Milne-Edwards  and  Haime  were  derived,  as  well 
as  of  a  more  intimate  personal  knowledge  of  the  strata  from 
which  they  were  taken,  has  long  been  an  obstacle  to  me,  not  only 
in  working  out  the  stratigraphical  distribution,  but  also  in  the 
d^ermination  of  the  species  of  Great  Oolite  corals.  This  want  haa 
now  been  in  a  great  measure  relieved  by  recent  examinations  of  the 
exposures  on  Farley  Down,  Combe  Down,  and  Hampton  Down. 
These  are  the  particular  localities,  it  may  be  remembered,  which 
furnished  many  of  the  specimens  from  which  MM.  Milne-Edwards 
and  Haime  drew  up  their  descriptions  of  Great  Oolite  corals.  The 
results  of  researches,  made  in  company  with  my  friend  and  frequent 
companion  in  the  field,  Mr.  T.  J.  Slatter,  and  with  the  Rev.  H.  H 
Winwood,  I  will  now  proceed  to  give. 

In  a  rather  extensive  and  long-since  abandoned  quarry  on  the 
south  side  of  Combe  Down  is  the  following  section : — 
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ft.  in. 

1.  Surfaoe-Boil  and  shattered  stone 4  0 

2.  Compact  Yellow  stone  3  0 

3.  Hara  yellow  stone  divided  into  3  or  4  layers,  and  containing  a 

few  corals   6     0 

4.  Yellowish  oolitic  stone,  much  bored  yerticallj  by  Annelidee  ?,  bat 

containing  n  corals 1     0 

5.  Coral  bed.  This  very  closely  resembles  bed  4,  and  like  it  is  bored 

vertically    5to      6     0 

6.  Bath  Oolite,  light  in  colour  and  oolitic  in  texture,  containing 

very  few  fossiL  and  forming  the  bottom  of  the  quarry.    Depth 
not  ascertained. 

The  following  are  the  species  which  have  been  found  in  the  above 
coral-bed  by  Mr.  T.  J.  Slatter  and  myself: — EnaUohdia  Mocudii, 
n.  sp.,  Bathycoenia  Slatteri^  Thamnoccenia  oolitica^  ScypTioccma^^ 
Barysmilia  Etalloniy  Stylosmilia  exceha,  Stylina  Ploii,  Cryptoccma 
Pratti^  Convexastrcea  Waltoni,  MontlivaUia  caryophyUata,  a  Montr 
livaUia  with  a  naked  costulated  wall,  CalamophyUia  radiata^ 
IsastrcBa  limitaia,  I.  serialise  I,  tnicrcphyUa,  Latimceandra^  sp., 
Chorisastrcda  ohtusa,  Platastrcea  Conyheari^  Oroseris  Slatteri,  Dimor- 
phastrcea  fungiformis^  n.  sp.,  Anahama  complanata,  MierosoUm 
exeeha. 

The  bed  in  which  the  corals  occur  has  not  at  all  the  appearance  of 
a  coral-bed,  properly  speaking,  but  is  like  a  deposit  into  which  the 
corals  have  been  drifted  from  some  near  cond-bank  and  scatt^ 
about,  not  in  any  place  thickly,  though  they  are  not  anywhere 
absent.  It  is  a  distinctly  oolitic  layer,  and  the  round  grainflof 
which  it  is  composed,  as  is  not  unusual  in  the  Great  Oolite,  have 
eaten  into  the  imbedded  organisms,  and  destroyed  their  external 
details.  Such  is  the  condition  of  many  of  the  corals  from  the  Great 
Oolite  of  Combe  Down,  though  occasional  specimens  may  be  met 
with  which  are  in  a  fair  state  of  preservation. 

Of  the  exposures  on  the  Hampton  Downs,  I  am  unable  to  gire 
detaQed  sections ;  but  at  the  south  end  of  that  plateau  are  some 
ancient  and  abandoned  excavations,  which  are  usually  denominated 
the  Hampton  Eocks,  in  the  upper  part  of  which  is  a  bed  which,  firom 
the  abundance  of  sponges  it  contains,  was  called  by  the  late  Mr. 
Moore  the  Sponge-bed.  Immediately  overlying  it  is  the  surface- 
soil,  mixed  with  a  considerable  quantity  of  shattered  stone.  This 
is  a  broken-up  coral-bed  containing  many  corals.  They  are  mostly 
in  a  bad  state  of  preservation ;  and  as  very  few  could  be  determined 
satisfactorily,  a  list  of  the  species  has  not  been  prepared. 

There  is  also  on  the  same  ridge,  northward  of  the  Hampton  BockB, 
a  large  and  disused  quarry  lying  immediately  behind  the  rifle-botts, 
and  now  known  as  the  Butts-quarry.  In  &e  upper  part  of  it  is  a 
well-marked  coralliferous  layer.  It  is  three  or  four  feet  above  the 
beds  of  dense  and  massive  building-stone  for  which  Bath  has  been 
so  long  and  justly  celebrated.  IVom  it  have  been  procured  the 
following  corsJs : — 

Stylina  Ploti^  Cryptocomia  microphyUu,  Convexastrfta  W(dUm^ 
MontlivaUia,  sp.,  Isastrcea  eaplanulata,  a  massive  variety,  Chorii- 
astrofa  obttisa,  ThamnastrcBa  seita,  ThamnastrcBa,  sp.,  Oroserit 
Slatteri,  DimorpharcBa,  a  small  species,  Comoseris  vemUeularis^ 
Anahacia  complanata^  MierosoUna  txceUa. 
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Across  the  valley,  eastward  of  the  Hampton  Downs,  near  to  the 
Tillage  of  Bathford,  and  directly  under  the  building  called  Brown's 
Tower,  is  a  quarried  escarpment  which  constitutes  the  western 
boundary  of  Farley  Down.  From  this  spot,  as  I  learn  from  the 
Bey.  H.  H.  Winwood,  the  late  Mr.  Walton  obtained  his  Farley- 
Down  fossils. 

The  ooral-bed  is  here  more  fully  developed  than  in  the  Hampton- 
Down  quarry,  or  than  at  the  Hampton  Rocks.  Varying  in  thickness 
from  two  feet  to  ten  feet,  it  possesses  all  the  peculiarities  observable 
iD  such  Inferior-Oolite  coral-deposits  as  Crickley  and  the  Horsepools, 
.  near  Cheltenham,  being  a  fine-grained  and  light-coloured  mudstone, 
which  in  some  places  is  somewhat  brecciated.  It  corresponds  pre- 
cisely in  position  with  the  coral-beds  on  the  south-west  side  of  the 
valley,  appearing  immediately  above  the  massive  building-stone. 
Iq  seversd  places  above  the  escarpment,  where  the  surface  of  the 
tarf  has  been  broken  through,  thin  patches  of  Forest  Marble  are 
exposed ;  and  it  would  therefore  seem  that  as  the  coral-bed  occurs 
only  a  little  way  below  that  bed,  and  as  it  contains  many  fragments 
of  the  well-known  Bradford-day  Encnnite,  it  holds  a  higher 
geological  position  in  the  Ghreat  Oolite  than  has  been  assigned  to  the 
Oxfordshire  coral-beds,  if  we  except  the  one  at  Caps  Lodge  near 
Bnzford.  From  the  Farley-Down  exposure  I  have  obtained  the 
following  corals : — 

StylosmUia  repianSy  n.  sp.,  Stylina  Plotif  Orytoecenia  micrcpTtylla, 
Convexastraa  Waltoni,  ffdioecenia  oolittea,  n.  sp.,  Montlivaltia  oaryo^ 
phyUata^  IsoHraa  limitata^  I.  explantdata^  /.  micraphylla,  /.  sp., 
Laiimaoandra  lotharinga,  Choriaastrcea  obtuaa,  Goniocara,  sp.,  Tham^ 
noMtraa  seiia^  T,  Wdltani^  Comcseris  vermieularis,  Oroseris  SlatUri^ 
Binwrpharcea^  sp.,  Anahacia  wmplanata^  Jiificrasolena  eaxeUa, 

AU  the  species  from  this,  as  well  as  other  places  in  the  Bath 
district  mentioned  in  this  paper,  have  been  obtained  from  their 
respective  localities  and  beds  by  Mr.  T.  J.  Slatter  and  myself. 

ExAixoHELiA  sociAUs,  u.  sp.    (Plate  Y.  figs.  13, 14.) 

The  corallum  consists  of  a  great  many  corallites  proceeding  from 

a  eonDimon  root,  which  is  of  small  extent.    From  this  they  grow 

upward  and  outward  in  every  direction,  and  form  a  very  thick  and 

tangled  mass  fron)  one  to  two  inches  in  height,  and  three  or  four  in 

breadth.    This  has  a  very  irregular  but  somewhat  convex  upper 

surDaoe,  formed  by  the  union  of  the  corallites,  which  are  thus  fbsed 

into  a  more  or  less  compact  mass.     The  corallites  are  thin  and 

maintain  nearly  the  same  diameter  throughout.    They  ramify  in  an 

irregularly  alternate  manner,  but  do  so  very  much  more  thickly  at 

their  upper  ends,  where,  coming  into  contact  with  others,  many 

unite  and  form  irregular  masses,  which  have  their  upper  surfaces 

more  or  less  flattened.    The  mural  costsa,  which  in  some  species  of 

t>ii«  genus  are  observable  near  the  calicos,  and  in  connection  with 

the  septa,  are  in  the  present  species  nearly  obsolete. 

Very  few  calices  appear  on  the  lower  part  of  the  corallites,  but 
on  the  upper  surface  they  are  thickly  but  irregularly  scattered.  All 
the  prominent  ends  of  the  corallites,  and  all  the  axial  spaces  have       i 
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calices,  and  others  occupy  flattened  areas  formed  by  the  union  of  the 
oorallites.  They  are  circular  and  have  very  little  prominence,  the 
walls  of  the  corallites  continuing  quite  to  the  calicular  maiig:in8. 

The  septa  are  not  exsert ;  there  are  three  cycles,  and  the  septa  of 
the  first,  six  in  number,  approach  the  fossula,  which  is  rather  deep; 
those  of  the  second  cycle  are  three  fourths  of  the  length  of  the 
primary  ones,  and  those  of  the  third  cycle  are  very  short,  almost 
rudimentary. 

Several  specimens  have  been  taken  firom  the  coral-bed  in  tiie 
Combe-Down  quarry,  all  of  which  come  well  within  the  foregoing 
description,  though  they  vary  somewhat  in  their  relative  height  and 
breadtii. 

From  Enallohelia  compressa  and  E,  chvata^  with  both  of  which 
the  present  species  agrees  in  the  number  of  primary  septa,  it  never- 
theless differs  considerably :  from  the  first,  in  its  general  habit  of 
growth ;  and  from  the  second,  which,  however,  it  more  nearly  re- 
sembles, in  not  having  ezsert  septa,  in  having  the  third  cyde  of  sq^ 
rudimentary,  and  in  the  absence  of  the  enlarged  inner  margins  of 
the  primary  ones.  There  is  no  other  species  of  the  genus  with 
which  it  is  likely  to  be  confounded. 

Bathtocenia  Slattebi,  Tomes. 

Some  ill-preserved  examples  of  this  coral  have  been  taken  from 
the  coral-bed  on  Combe  Down  by  Mr.  Slatter  and  myself.  A  single 
worn  specimen  has  also  been  obtained  from  the  Great  Oolite  at 
Caps  Lodge,  Burford,  and  is  now  in  Mr.  Hudleston's  collection  of 
Great-Oolite  corals  from  that  and  other  localities  in  Oxfordshire. 

Great  doubt  is  expressed  by  Prof.  Duncan,  in  his  *'  Bevision  of 
the  Families  and  Genera  of  Corals,"  as  to  the  distinctness  of  Bathf- 
ccenia  from  Stylosmilia^  which  genus,  in  habit  of  growth,  it  somewhat 
resembles.  A  careful  comparison  of  well-preserved  specimens  of 
Tertiary  Stylotmilice^  in  my  own  cabinet,  with  Baihyccenia  was  made 
by  me  when  drawing  up  the  generic  definition  of  the  latter,  and  the 
absence  of  a  true  columella  was  clearly  made  out.  The  aocuraoy  of 
my  diagnosis  has  been  fully  confirmed  by  the  discovery  <^  a 
Bathycoenia  in  which  the  septa  do  not  meet  in  the  centre  of  the 
visceral  cavity,  and  in  which  therefore  there  is  no  columella*. 


Genus  Thahkoccekia,  n.  g. 

The  corallum  consists  of  an  irregularly  formed  and  attached  i 
of  compact  coenencbyma,  from  which  corallites  spring  and  present 
the  appearance  of  a  straggling  ramified  cluster. 

The  corallites  have  considerable  prominence,  the  longest  bemg 
fully  half  the  height  of  the  corallum.  The  intercalicular  portion, 
as  well  as  the  free  part  of  the  corallites,  is  wholly  without  epitbeca, 
and  has  long  and  equal  costeB. 

The  calices  are  deep  and  circular.    The  septa  are  entire  and  the 

*  Since  the  aboTe  was  written,  I  haye  detected  tabulie  in  the  oalioee  of  m 
•pecimen  of  BcUhycctnia  SUUteri. 
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primary  onee  BWoUen  at  their  inner  margins,  somewhat  as  in 
Seyphocoenia  staminifera. 

Increase  takes  place  by  gemmation,  quite  at  the  base  of  the  ooral- 
lites,  probably  from  the  basal  coenenchyma,  but  not  on  any  other 
port  of  the  oorallum. 

In  its  general  form  the  only  specimen  I  have  seen  bears  consider- 
able resemblance  to  the  small  and  not  much  developed  examples  of 
Bome  species  of  DendrophyUiay  but  only  superficially,  its  affinities 
being  with  the  family  AstreidsB,  while  the  absence  of  denticiilations 
on  tiie  margins  of  the  septa  indicates  a  place  in  the  subfamily 
EogmilinEB. 

Thajotocgenia.  ooiUnoA,  n.  sp.    (Plate  Y.  figs.  5-8.) 

The  oorallum  has  an  irregular  basal  part,  which  is  broadly  attached 
to  a  worn  fragment  of  Platastrcea  Conyheari,  on  which  it  spreads, 
tnd  which  it  partly  covers.  From  tins  the  corallites  spring  in  a 
more  or  less  upward  and  outward  direction.  Qemmation  taking 
place  at  the  base  of  the  coraUites  gives  to  them  somewhat  the 
appearance  of  having  been  produced  in  pairs.  They  are  prominent 
and  cylindrical,  but  a  little  enlarged  at  their  calicular  ends.  Both 
the  corallites  and  the  spaces  between  them  have  long,  straight,  and 
regular,  but  not  prominent  coetee,  which  extend  from  the  margins  of 
ihid  calicos  downwards  to  the  attached  part  of  the  oorallum. 

The  calioes  are  circular  and  deep,  and  their  margins  are  prominent 
and  thin.  The  septa  are  straight  and  project  but  little  into  the 
calioe.  They  are  wholly  without  denticulations,  but  those  of  the 
first  and  second  cycles  have  their  ends  much  swollen,  a  good  deal  as 
in  the  genus  Soyphoccenia.  Those  of  the  first  cycle  are  six  in 
number,  and  extend  very  nearly  into  the  fossula,  which  is  small^ 
drcular,  and  distinct.  The  second  cycle  has  septa  which  are  very 
nearly  as  long  as  those  of  the  first,  and  the  remaining  cycle  consists 
of  septa  which  are  about  three  fDurths  the  length  of  tiiose  of  the 
second  cyde.  These  have  very  little  prominence,  and  are  without 
the  terminal  swellings. 

The  full  height  of  the  oorallum  is  about  9  lines.  The  diameter 
of  the  corallites  is  2  lines.  One  specimen  only  has  been  met  with ; 
it  was  taken  by  me  frt)m  the  coralliferous  layer  on  Combe  Down, 
and  was  in  near  proximity  to  a  specimen  of  Barysmilia  EtdUoni. 

BeiTHOaKHIA.? 

I  have  obtained  a  coral  from  Combe  Down,  where  it  was  assod- 
ated  with  Barysmilia  EtcUhni  and  Thamnoecema  ooliHca^  which 
poasesses  some  of  the  characters  of  Scyphoecenia^  but  differs  from  it 
in  one  very  important  particular.  It  b^Eurs  considerable  resemblance 
to  Scyphoccenia  excelsa,  in  the  form  and  arrangement  of  the  coral- 
lites, but  the  latter  do  not  remain  attached  to  each  other  excepting 
quite  low  down.  The  septa  appear  to  resemble  those  of  Scyphoeoenia 
ixeeUa,  and  there  are  a  few  strongly  developed  tabulsB,  as  in  that 
^ecies.  Hie  specimen  is,  however,  too  much  injured  to  permit  of 
detailed  description. 
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The  following  table  will  show  the  relationship  which  exists 
between  some  of  the  Oolitic  Etismilirug  which  I  have  had  occasion 
to  speak  of  in  my  several  papers  on  Oolitio  Madreporaria. 
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Oenns  Babtsmilia. 

I  have  long  known  Barysmilia  as  a  Cretaceous  genus  in  this 
country ;  but  until  quite  recently  was  unaware  of  its  presence  in  the 
Oolitic  formation  eitiier  in  England  or  elsewhere.  Two  examples 
were,  however,  taken  by  me  during  the  present  year  (1884)  from 
the  ooralliferous  layer  in  the  quarry  on  Combe  Down,  of  which  I 
have  given  a  section.  So  long  ago  as  1859  M.  Etallon  made  known 
the  existence  of  three  species  of  corals  in  the  Corallian  beds  of  the 
Haat-Jnra,  attributable  to  the  genus  Baryphyllia  of  M.  de  Fromen- 
tel*.  That  genus  differs  chiefly  from  Barysmilia  in  having  denticu- 
lited  septa.  At  present  I  am  unable  to  observe  the  least  evidence 
of  denticulations  on  the  septa  of  the  specimens  from  Combe  Down, 
and  am  compelled,  therefore,  to  refer  tilem  to  the  genus  Barysmilia. 
If,  however,  the  specimens  here  mentioned  have  lost  the  denticula- 
tioDB  of  their  septa,  which  is  very  probable,  the  already  acknow- 
ledged Jurassic  genus  Baryphyllia  will  have  to  be  substituted  for 
Bcanfsmilia. 

Babtsmilia  Etalloki,  n.  sp.    (Plate  Y.  figs.  1-4.) 

The  corallum  has  an  irr^^ar  subglobose  form,  a  little  higher  than 
wide,  Uie  lower  part  being  peduncular  and  attached  by  a  small  base. 

The  whole  of  the  peduncular  part,  as  well  as  the  space  around  and 
between  the  calicos,  is  ornamented  with  costae,  which  are  regular,  long, 
and  anastomosing,  and,  near  to  the  calicos,  more  or  less  papillated. 
On  the  lower  part  of  the  corallum  they  are  less  distinct  and  nearly 
smooth.  In  the  bottom  of  the  hollows,  between  the  calicos,  there 
is  sometimes  a  distinct  line  of  demarcation  between  the  costffi  sur- 
rounding the  several  calicos,  which  has  something  of  a  herring-bone 
arrangement. 

The  calicos  are  rather  distant,  the  intervals  between  them  being 
in  all  cases  greater  than  their  own  diameter ;  but  they  approximate 
most  nearly  to  each  other  on  the  top  of  the  corallum.  They  are 
extremely  variable  in  length,  and  occur  as  a  simple  oval,  shaped 
like  a  figure  8,  like  the  letter  S,  or  like  a  more  or  less  irregular 
cross,  ^e  longest  calico  I  have  seen  has  a  very  serpentine  form, 
which,  if  straightened  out,  would  have  sufficient  length  to  pass  over 
the  whole  of  the  corallum,  from  the  base  on  the  one  side,  in  a  line 
over  the  top,  to  the  base  on  the  other  side.  The  margins  of  the  calicos 
are  prominent ;  they  are  rather  deep,  and  the  septa  are  thin,  irre- 
golarly  developed,  and  continuous  with  the  inter(»licular  oostsd. 

In  a  simple  ovoid  calico  I  can  determine  about  fifty  septa,  about 
twelve  of  which,  constituting  the  first  and  second  cycles,  pass  into 
the  fossula,  where  they  unite  and  form  a  very  irregular  but  dense 
columella,  which  in  the  long  calicos  appears  as  a  rugged  but  pro- 
minent line  of  very  variable  thickness,  which  is  continued  the  whole 
length  of  the  calioe. 

SirLosMUjA  BSPTAirs,  u.  sp.    (Plate  Y.  figs.  18-21.) 
The  ooraUum  consists  of  short  tufted  masses,  rarely  exceeding  an 
*  Stud.  Pal^ont,  Terr.  June.  Hant-Jura,  p.  98. 
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ineli  ill  bi.'iglit,  wliich  aro  uaiuillj  attached  to  soine  har^  bodr,  aud 
over  wlik'h  they  ^prrad,  in  a  maniter  which  is  the  result  either  of  basal 
gt'inujatiuii,  or  of  iiiL"rG^i.sy  hy  lueans  of  stolons.  Of  several  speci- 
mens now  hei'ore  mt\  one  fruniFark'^y  Down  is  :itt ached  to  a  weathered 
fragment,  of  Thattiiuusititit^  which  it  partly  coiicealH  ;  and  aoather, 
from  the  Lime-kiln  [jnarry  near  Cireneeator,  m  jjarasitic  on  Cotivt^- 
uMnPM  Widtum^  over  w4iich  it  spreads. 

The  torallitea  are  small  at  their  attachment,  rather  crooked, 
incveasse  m  nize  gradnally,  and  attain  to  three  fourths  of  Iheij-  fuH 
height  before  treely  l>raneliing  out.  This  they  do  irregnlarly,  though 
lateral  gemmation  a[fparcntly  talies  place  about  the  aame  time  in 
the  several  eorallites.  Onee  tomnieneed,  it  proceeds  with  suffideat 
rapidity  let  form  a  crowded  raarsa  of  corallite&,  the  cahenlar  ejctremi- 
ties  of  which,  however,  have  every  dej^ree  of  prominence,  scarcely 
any  two  being  of  es^actlj  the  same  height. 

The  walls  of  the  cor  alii  tes^  are  thick,  but  do  not  extend  to  the 
margin  of  the  calices,  and  there  is  no  appearance  of  epithetsa,  but 
well-marked  coat  re  which  bleiid  with  the  septii  pnsii  down  the  Gond- 
ii tes,  and  become  less  distinct  as  they  extend  downwards » 

The  cahcoH  are  circnJar  and  prominent,  but  there  is  a  well-marked 
fosisula.  The  septa  are  exsert  and  ere  continuous  outwardly  with 
tFie  mural  coiiht\  The  first  two  cycles  are  wtU  developed  and  paaa 
into  the  columelhi  ;  the  third  cycle  has  very  short  septa,  which  are 
scarcely  a  fourth  of  the  length  of  those  of  the  eailier  eyelet.  The 
columella  is  large,  iiityliibrm,  and  with  a  pointed  apex,  but  m  not 
very  prominent. 

Height  of  the  corallum  about  Jj  lines ;  diameter  of  the  ooralHt« 
about  one  line. 

A  speuitneu  from  Farley  Down  indicates,  by  the  manner  in  whidl 
the  corallites  spread  over  the  substance  to  which  they  am  attaehoil^ 
the  possibihty,  almost  the  probability,  of  increase  by  means  of  sfcolotti, 
fciome  other  examples,  tJiken  from  the  Lime -kiln  (jnarry,  Cinmotiiftteri 
present  precisely  the  same  peculiarities. 

STyiOSHlLlA  EXCEL-^A,  n.  gp-     (Pkt©  Y.  figs,  9-12,) 

The  cor  all  nm  consists  of  a  dense  mass  of  slender  ooraUitea,  and  very 
closely  resembles  those  ef  CalamophyUm  rmlktia^  so  closely,  indeed* 
that  the  two  species  have  been  confounded.  On  nearer  examination 
t  he  corallites  are  seen  to  be  a  httlc  lesa  straight  than  in  that  specie^ 
and  rather  more  densely  placed.  There  is  no  trace  of  the  long 
mural  cos t£D which  characterize  Otdamophyllia,  the  corallitea  ap|icar- 
itig  to  be  quite  smooth.  The  walls  are  thick,  and  the  ealices  appear 
to  have  been  shallow,  but  none  of  them  retain  their  margins.  Theft 
are  about  12  septa,  which  are  thin  and  not  very  regularly  develepo4. 
In  fiome  ealices  those  of  the  third  cycle  join  the  older  ones  nmr  to 
the  columella,  but  more  frequently  all  of  them  run  into  the  columella; 
the  latter  is  large  and  styliform.  In  some  of  the  ealices  two  opposite 
septa  are  much  thicker  than  the  others,  which  is  suggestive  of  fissir 
parity. 

The  only  specimen  I  have  seen  is  of  considerable  size^  and  was 
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taken  from  the  ooralliferous  layer  in  the  Combe-Down  qnarry  by  my 
friend  Mr.  T.  J.  Slatter. 

Genus  HBLiooaooA. 

Ediocoeniay  Etallon,  £tud.  Fal^nt.  Terr.  Jorass.  Haut-Jura, 
p.  74(1859). 

Flaeoccmia,  d'Orb.  ? 

M.  d'Orbigny  formed  the  genus  Placocoenia  from  a  cast  of  a  coral 
somewhat  like  Stylina,  but  differing  from  it  in  having  a  lamellar 
columella.  His  description  is  very  brief,  and  the  genus  is  not  suffi- 
ciently particularized  for  adoption,  though  there  is  some  probability 
that  the  subsequently  created  genus  Helioeoenia  is  identical  with  it. 

The  want  of  figures  to  illustrate  Etallon's  descriptions  of  Hdiocc^ 
nicB  has  been  supplied  by  M.  Koby,  in  his  fine  work  on  the  Jurassic 
oor&ls  of  Switzerland*.  Eive  species  are  therein  figured,  one  of 
which,  Hdioccmia  costulata^  Koby,  has  a  small,  styliform  columella 
and  appears  to  me  to  differ  so  much  from  the  others  as  to  be  doubt- 
fully referable  to  the  same  genus. 

M.  de  Fromentel,  while  acknowledging  the  genus  Placocoenia  of 
M.  d'Orbigny,  does  not  admit  EeHoccema,  but  has  created  a  very 
closely  allied  genus,  Stylohelia.  This  latter  has  been  merged  into 
Hdiocoenia  by  M.  Koby. 

Prof.  Duncan,  while  reducing  Hdiocoenia  to  the  rank  of  a  subgenus, 
has  placed  it  in  Ids  '*  Alliance  STTLOiBA"t,  immediately  following 
Stylina.  The  genus  Placocoenia^  which  I  have  supposed  to  be  identiccd 
with  Mdiocoeniay  he  introduces  into  another  ^*  alliance,''  which  he 
deognates  <^  Placocoenoida"  Further,  he  separates  the  genus  Stylo- 
hdia  entirely  from  'the  forgoing,  and  associates  it,  with  Enallohdia 
and  Dendrohdia,  in  the  family  OcuLiNrDjE. 

In  direct  contrast  to  the  views  of  Prof.  Duncan,  M.  Koby  unites 
StyloheUa  and  Hdiocoenia  in  one  genus,  giving  the  latter  name  the 
preference  on  account  of  its  priority.  With  specimens  of  Stylohelia 
mamiUata  before  me,  which  I  have  received  from  the  Corallian  of  the 
Haute-Saone,  I  feel  no  hesitation  in  associating  the  genus  Stylohelia 
with  Stylina  and  other  allied  genera,  but  fail  to  observe  any  alliance 
whatever  with  the  Oci7li»id.b. 

HsLxocaDOA  ooLincA,  n.  sp.    (Plate  V.  figs.  15-17.) 

The  oorallum  has  a  somewhat  peduncular  form,  with  an  irregu- 
larly flat  but  not  overhanging  top.  The  calicos  are  very  unequally 
distributed  over  the  whole  corallum,  but  are  very  thinly  scattered  on 
the  peduncular  portion.  On  the  top  they  are  thinly  placed,  excepting 
where  gemmation  has  taken  place  most  recently,  where  they  are 
rather  crowded.  They  have  not  much  prominence,  and  the  interca- 
licnlar  cost®,  which  are  of  nearly  equal  size,  meet,  but  end  abruptly 
in  the  middle  of  the  intercalicular  spaces. 

The  septa  are  exsert,  and  they  and  the  oostsD,  with  which  they  are 

*  Mcmo^.  Polyp.  JunuM.  de  la  SuisBe,  p.  63  (1881). 

t  **  Beniion  of  Familiee  and  Genera,'*  see  pages  45, 110,  and  197. 
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continuous,  nearly  conceal  the  wall,  much  as  in  unworn  calioes  of 
Convexaaircea,  Those  of  the  first  cycle  extend  towards  the  centre 
of  the  calice,  and  have  a  slight  swelling  at  their  inner  end.  The 
septa  of  the  second  cycle  are  half  the  length  of  those  of  the  first, 
while  those  of  the  thurd  are  half  the  length  of  the  second. 

The  lamellar  columella  has  very  little  prominence,  and  is  so  placed 
hetween  two  opposite  septa  of  the  first  cycle  as  to  fill  up  the  space 
between  them  so  closely  that,  when  the  calices  are  worn  down,  the 
whole  becomes  a  continuous  and  straight  line  across  the  calioe, 
dividing  it  in  half.  Both  septa  and  septcd  costsB  have  their  margins 
distinctly  crenulated,  the  crenulations  being  small,  pointed,  and 
irregular.  Their  sides  also  are  furnished  with  coarse  irr^olar 
granulations,  which  are  also  observable  in  the  spaces  between  ^em. 

Height  of  the  corallum  1  inch  6  lines  ;  the  diameter  is  about  the 
same,  and  the  calices  are  about  1  line  in  diameter.  The  spaces  between 
the  calices  considerably  exceed  the  diameter  of  the  latter,  exerting 
in  one  or  two  crowded  spots. 

Excepting  the  single  example  from  Farley  Down,  I  have  not 
examined  a  species  representing  this  genus. 

Genus  Gonvexastbjba,  d'Orb. 

As  Convexastrcea  WdLtoni^  our  only  representative  of  the  genus, 
was  described  from  specimens  collected  by  the  late  Mr.  Walton  at 
the  Hampton  Rocks  near  Bath,  it  is,  perhaps,  desirable  that  I  should 
state  that  I  have  compared  specimens  from  that  locality  with  others 
from  the  coralline  deposits  in  the  Great  Oolite  of  Oxfordshire,  and 
find  them  to  be  in  all  respects  similar.  • 

The  difierences  between  Convexastrcea  and  Cryptoccenia  have  been 
recently  defined  with  great  clearness  by  M.  Koby  in  his  work  on  the 
*  Jurassic  Corals  of  Switzerland,'  now  in  course  of  publication.  He 
observes  that  the  former  differs  from  the  latter  in  having  the  septal 
cost®  less  numerous,  rarely  confiuent,  and  not  completely  concealing 
the  intercalicular  spaces. 

Genus  Mohtlivaltia,  Lamx. 

I  have  often  met,  in  the  Great  Oolite,  with  a  supposed  MotUlwaUia 
which  is  characterized  by  a  stunted  form,  a  naked  costulated  waU, 
and  rather  a  small  number  of  very  thin  septa.  The  fossula  is  elon- 
gated, much  as  in  Montlivaltia  caryophyllata.  The  mural  cost®  are 
rather  far  apart,  and  have  a  prominence  according  to  the  order  of 
the  septa  they  represent.  They  are  wholly  without  tuberdee  or 
papillsB,  and  if  their  smooth  and  rounded  form  may  be  taken  as  any 
indication  of  the  nature  of  the  margins  of  the  septa,  the  latter  may 
also  have  been  smooth.  In  that  case  it  could  not  be  placed  in  the 
genus  Montlivaltia.  It  occurs  in  the  Great  Oolite  of  die  Rollright 
and  Stonesfield  railway-cuttings,  in  the  Caps-Lodge  and  Milton 
quarries,  and  I  have  a  specimen  taken  from  the  coral-bed  on  Combe 
Down.  From  none  of  these  places  have  I  obtained  weU-preserved 
spedm^is. 
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Genus  ABELASTEiEBA,  Eeoss. 

An  objection  was  some  time  since  raised  by  Eeuss  to  the  use  of 
the  ondassical  name  Confutaastnxa^  and  attention  having  been  called 
to  this  by  Prof.  Dnncan,  it  must  now  be  abandoned.  Adelastrcea^ 
the  name  applied  by  Eenss  to  a  species  from  the  Cretaceous  beds  of 
Gosau,  will  now  take  its  place,  and  Confusastrcea  consobrina,  Con- 
fiimutrcBa  tenuistriatiiy  and  ConfusastraxL  magnifica,  which  I  have 
introduced  into  our  coral-fauna,  must  now  be  called  Addcuircea  con- 
iobrina,  Addaatrasa  tenuietriata,  and  Adelastrasa  magnifica.  Three 
other  species  which  occur  in  the  Ghreat  Oolite  of  the  Boulonnais,  one 
of  which  has  been  lately  described  by  me  under  the  name  of  (7(m^<«- 
oitrcBa  Bigatuci^  are  now  also  to  be  referred  to  the  genus  Addastrasa. 

Some  very  Wge  specimens  of  a  coral  appertaining  to  the  genus 
occur  in  the  Great^olite  quarry  near  Great  Milton,  and  some  of 
leas  dimensions  have  been  taken  from  the  Gaps-Lodge  quarry ;  but 
whether  they  are  distinct  from  Adelastrcua  magnifica,  to  whidi  they 
bear  considerable  resemblance,  I  have  not  yet  been  able  to  deter- 
mine. 

Genus  Platastsjea,  n.  g. 

ClausasircBa,  Milne-Edw.  and  Haime,  in  part 

The  genus  Clausastrcea  is  one  of  those  in  which  there  is  ample  scope 
for  diversity  of  opinion,  for  it  has  been  placed  among  the  Aatreida;^ 
among  the  now  discarded  Tabulata,  and  in  the  newly  proposed  half- 
way group  designated  Plesiofungidas.  It  is  now,  however,  evident 
that  two  very  distinct  forms  have  been  confounded  under  the  name  of 
Clausa^raa,  In  specimens  of  Clatisastrcea  dubia  and  Clausastrcea 
Edwardsi,  vrith  which  I  have  been  favoured  by  M.  do  Fromentel, 
there  are,  as  mentioned  by  him  in  the  description  of  the  species  *, 
very  distinct  and  numerous  tabulse,  arranged  one  above  the  other 
witii  great  regularity,  and  extending  on  the  same  level  across  the 
eoraUum.  They  have  been  observed  and  figured  in  another  species 
by  M.  Etallon,  in  which  the  same  distribution  and  form  are 
obvious  f. 

The  other  form  is  represented  by  two  English  species,  one  of 
which,  from  the  Great  Oolite  of  Combe  Down,  Bath,  has  been  de- 
scribed by  MM.  Milne-Edwards  and  Haime  under  the  name  of 
Claumutraa  FrattL  The  endotheca  of  this  species  they  describe  in 
the  following  words : — "  The  loculi  are  closed  by  well-formed  and 
rather  numerous  dissepiments.'^  In  the  figure  which  accompanies 
the  description  these  are  shown  i.  In  weathered  specimens  from 
Combe  Down,  now  before  me,  the  nature  of  these  dissepiments  is 
very  apparent.     They  are  obviously  quite  unlike  tabulsB. 

Undcur  the  impression  that  the  so-called  Clausastrcea  Pratti  has 
an  eesential  columella,  the  originsd  describers  transferred  it  to  the 
genus  PUrastrcea,  in  which  genus  it  appears  in  their  general  work 
on  corals.    But  from  the  examination  of  a  number  of  specimens 

♦  Introd.  Etude  PoL  foss.  p.  281.  t  Leth.  Bnmtr.  pi.  Irii  fig.  6. 

I  Brit.  FoM.  Cor.  pt.  ii.  pL  xzLi.  fig.  5. 
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from  Combe  Down,  I  am  convinced  that  the  supposed  colmnella 
does  not  exist  in  any  of  them,  and  that,  as  I  shall  presently  show, 
they  are  identical  with  the  Isastrcea  Conybeari  of  the  same  authors, 
from  the  same  locality.  In  fact  the  supposed  columella  is  nothing 
more  than  the  blending  together  of  the  inner  margins  of  the  septa, 
which  takes  place  in  a  very  uncertain  manner  quite  low  down  in 
the  corallites,  and  becomes  visible  only  when  the  corallum  is  much 
worn  down.  It  was  from  such  a  worn  specimen  that  the  figure  of 
MM.  Milne-Edwards  and  Haime  was  taken.  With  the  full  conviction 
therefore  that  the  Coombe-Down  coral  cannot  consistently  be  placed 
either  in  ClausastroBa  or  PUrastraa^  I  have  created  a  genus  for  its 
reception  which  I  define  as  follows : — 

The  corallum  is  massive  and  more  or  less  globular.  The  calioes 
are  large  and  shallow ;  there  is  no  wall  surrounding  the  corallites,  and 
the  septa  of  one  calico  meet  and  unite  with  those  of  the  adjoining 
ones.  They  are  not  numerous,  and  are  strongly  denticulated. 
There  is  no  columella.  The  dissepiments  are  very  numerous,  com- 
pletely filling  up  the  loculi.  They  are  well  developed  and  strongly 
arched. 

PLATABTRJBii  CoNYBEARi,  M.-Edw.  and  Haime,  sp. 

IsastrcBa  Conybeari,  M.-Edw.  and  Haime,  Brit.  Eoss.  Cor.  pL  iL 
p.  113,  pi.  xxii.  fig.  4  (1851). 

Clausastrcea  PratH,  M.-Edw.  and  Haime,  Brit.  Eos.  Cor.  pi.  ii. 
p.  117,  pi.  xxii.  fig.  5  (1851). 

All  the  specimens  recently  collected  at  Combe  Down  may  be  re- 
ferred either  to  ClausastrcBa  Pratti  or  to  Isastrcea  Conybeari,  according 
to  the  condition  of  the  specimen  examined.  In  its  normal  form 
this  species  is  more  or  less  globose,  and  in  such  specimens,  when 
not  too  much  worn,  the  calices  have  much  the  form  and  appearance 
of  those  of  Isastrasa  Conybeari,  But  frequently  the  corallum  has 
departed  from  this  regularity  of  outline,  and  the  departure  has  been 
accompanied  by  a  corresponding  irregularity  in  tiie  form  of  the 
calices,  and  in  the  degree  of  development  of  the  septa  where  they 
meet  in  the  fossula.  Such  specimens,  if  much  worn,  present  all  the 
appearance  of  Clausastrcea  Pratti ;  and  indeed  the  characteristics  of 
both  the  supposed  species  may  sometimes  be  observed  on  different 
parts  of  the  same  corallum. 

OoNiocoBA,  sp. 

I  have  met  with  a  single  specimen  referable  to  this  genus,  which 
in  size,  mode  of  growth,  and  so  far  as  can  be  seen  in  its  calioular 
characters,  bears  some  resemblance  to  Ooniocora  socialis.  It  is  too 
much  overgrown  with  Bryozoa  to  permit  examination  of  the  mural 
costsB,  and  the  septa  are  only  visible  when  the  ends  of  the  coralliteB 
are  broken  off.  It  has  very  thick  walls,  and  thin  and  straight  septa. 
The  first  cycle  of  septa  extends  almost  to  the  centre  of  me  caHoe, 
the  secondary  ones  are  three  fourths  the  length  of  the  primarieB, 
and  the  tertiary  septa  are  rudimentary. 

The  specimen  here  mentioned  was  obtained  by  me  at  Farley 
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Down,  and  the  existence  of  the  genua  ffoniocora  there  establishes 
its  distribution  through  nearly  the  whole  of  the  English  Oolites. 
It  has  now  been  met  with  near  to  the  bottom  of  the  Inferior  Oolite 
at  Crickley,  in  the  Great  Oolite  of  Farley  Down,  and  in  the  Coral 
Bag  at  Steeple  Ashton  and  other  places. 

Ddcobphastrjea  FiTifGiFOBMiB,  n.  sp.    (Plate  Y.  figs.  22,  23.) 

I  have  obtained  from  the  coral-bed  of  Combe  Down  several  corals* 
of  a  species  which,  as  I  fail  to  detect  pores  in  the  septa,  is  here 
placed  in  the  genus  DimorpTiastrcBa.  It  has  a  pedunculate  form 
with  an  overhanging  rounded  fungiform  top,  the  upper  surface  of 
which  is  convex.  The  peduncular  part  is  short,  and  the  expanded 
top  has  a  thin  and  slightly  lobed  outer  edge. 

The  peduncle  has  regular  and  straight  costsB,  which  are  similar  in 
size  to  the  septal  costse  near  the  outer  part  of  the  corallum,  but 
smaller  than  those  around  the  central  calice. 

The  central  calice  is  large  and  prominent,  but  is  centrally 
depressed,  somewhat  like  the  calicos  of  GraUroseris  and  Adelastrcea, 
The  smaller  calicos  are  about  twelve  in  number,  and  are  arranged 
somewhat  symmetrically  around  the  larger  one,  and,  like  it,  are- 
prominent,  with  a  depressed  centre.  About  one  himdred  septa 
enter  into  the  composition  of  the  central  calice,  and  about  half  the 
number  are  observed  in  the  smaller  ones.  In  all  the  calicos  the 
septa  anastomose  very  near  to  the  fossula,  but  not  anywhere  else; 
and  none  of  the  septal  costse  anastomose,  excepting  quite  at  the 
outer  margin  of  the  corallum,  and  then  only  sparingly.  The  septa 
are  rather  stout,  regular,  parallel ;  and  the  loculi  have  the  same 
breadth  as  the  septa  themselves.  The  edges  of  the  septa  and  the 
septal  costce  have  regular  and  rounded  tubercles,  much  as  in  Cror- 
ieroseris. 

Height  of  the  corallum  about  1  inch. 

Diameter  of  the  corallum  about  1  inch  4  lines. 

The  present  species  bears  some  resemblance  to  Dimorphastrcea 
hdianthusy  Becker,  from  the  Corallian  of  Nattheim,  in  so  far  as 
the  stoutness  of  the  septa  and  septal  costas  is  concerned,  but  differs 
wholly  from  that  species  in  general  form,  in  the  shape  and  arrange- 
ment of  the  caHces,  and  in  the  absence  of  anastomosing  septal 
costse. 

At  present  I  am  unable  to  state  whether  the  septa  are  perforate- 
or  not,  nor  can  I  speak  of  the  synapticulsB,  excepting  to  say  that 
th^  are  present. 

Genus  Comosbris,  d'Orb. 

In  his  recently  published  '*  Itevision  of  the  Pamilies  and  Genera  of 
Sclerodermic  Zoantharia,"  Prof.  Duncan  takes  exception  to  my  state- 
ment  that  no  very  near  relationship  exists  between  Comoseris  and 
C?roser{$ ;  and  after  stating  that  there  is  no  wall  either  surrounding 
tl&e  calicos  or  in  the  coUines  of  the  former  genus,  he  asserts  that  I 
liave  '' misimderstood  the  diagnoses  of  the  genera,  for  it  must 
appear,  on  reading  them,  that  Oroseris  can  hardly  stand  as  a  genu» 
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distinct  from  Comoseris,  The  only  distinction  is  the  lengih  of  ihe 
ridges  hounding  the  calicinal  valleys"  From  this  concluding  state- 
ment, which  is  here  printed  in  italics  hy  me,  I  feel  myself  compelled 
to  express  a  most  unqualified  dissent.  Wishing,  however,  to  make  a 
more  critical  examination  of  the  ridges  of  the  calicular  surface  of 
ComoseriSy  with  a  view  to  the  determination  of  the  question  whether 
they  have  walls  or  not,  I  have  made  careful  examination  of  a  great 
many  specimens  of  Comoseris  irradians,  from  the  Corallian  of  Steeple 
Ashton  and  the  Boulonnais,  and  of  Comoseris  vermicularis  from  ihe 
Great  Oolite  of  the  neighhourhood  of  Bath.  The  results  of  this 
renewed  examination  I  will  now  proceed  to  give,  premising  that 
the  time  and  trouhle  will  not  be  wasted  which  places  on  a  sounder 
footing  our  knowledge  of  the  forms  now  under  consideration. 

The  most  superficial  observation  of  well-preserved  specimens  of 
Comoseris  irradians  will  afford  sufficient  evidence  of  the  distinctness 
of  the  ridges  or  collines  which  divide  the  upper  surface  of  the  corallum 
into  segments.  When  compared  with  the  intervening  calicular  sur- 
face these  collines  (PI.  V.  fig.  24)  have  a  character  of  their  own, 
quite  independently  of  the  calices,  and  are  clothed  with  costae,  very 
little  resembling  the  septal  costaB  in  connection  with  the  calices. 
For  instance,  on  some  of  the  collines  the  costas  on  the  one  side  do  not 
correspond  with  those  on  the  other  side,  but  alternate  with  them, 
just  as  do  the  septa  of  contiguous  calices  of  many  compound  corals, 
such  as  those  of  some  species  of  Isastrceu,  and  they  are  consequently  very 
suggestive  of  a  concealed  wall.  Accordingly,  in  worn  specimens  a 
very  distinct  and  continuous  line  is  sometimes  observable,  simulating 
a  true  wall ;  but  sometimes  it  has  a  serrated  or  zigzag  course,  and 
then  presents  so  much  the  appearance  of  the  inflected  walls  between 
the  lobes  of  Phyllogyra  as  to  suggest  a  similarity  of  origin.  With- 
out entering  further  into  the  question  of  the  nature  of  the  wall 
observable  in  the  collines  of  Comoseris,  I  may  venture  to  assert  that 
no  such  wall,  whatever  may  be  its  nature,  exists  in  Oroseris,  To 
this  I  shall  again  refer.  I  may  add,  as  characteristic  of  the  genua 
Comoseris^  that  the  calices  are  scattered  over  the  surface  between 
the  ridges,  and  never  developed  in  lines  as  they  commonly  are  in 
Oroseris,  Sometimes  the  collines  are  very  frequent,  and  there  is 
only  space  for  one  row  of  calices  between  them.  But  when  the 
former  widen  Out,  the  calices  spread  out  also,  and  the  uniformity 
of  the  line  is  broken.  This  is  very  observable  in  both  Comoseris 
irradians  and  Comoseris  vermicularis  (PI.  V.  ^.  25). 

Fortunately  for  the  examination  of  the  genus  Oroseris  there  is  a 
species  commonly  occurring  in  the  Great  Oolite  of  Bath,  which, 
when  rubbed  down,  shows  the  structure  of  the  calices  very  satis- 
factorily. In  this  species  the  calices  are  so  near  together  in  the 
lines,  and  the  lines  themselves  have  so  much  of  a  radiate  direction, 
that  they  can  only  have  been  the  result  of  direct  gemmation  from 
the  inner  calices  outwards,  without  the  interposition  of  septal  oostse. 
The  so-called  ridges  laterally  bounding  the  lines  of  calices  are  reaUy 
nothing  more  than  ordinary  septal  costae,  such  as  are  visible  between 
the  oaHces  of  many  species  of  Thamnastrcea,    The  ThamnoHrcBa 
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media  of  Eenss,  from  the  Cretaceous  deposits  of  Gosau,  is  a  good 
illostratioii  of  this.  When  the  corallum  of  OroserishsB  been  ground 
down  and  polished,  the  intimate  connection  of  the  calicos  with  the 
costs  fonning  the  supposed  ridges  becomes  even  more  evident,  and 
the  importance  of  the  successive  development  of  the  calicos  in  Hues 
still  more  obvious. 

CoxoasRis  vBBMiciTLAiLis,  M.-Edw.and  Haime,  Brit.  Eoss.  Cor.  p.  122. 

Meandrina  vermieularis^  M*Coy,  Ann.  &  Mag.  Nat.  Hist.  ser.  iL 
ToL  ii.  p.  402. 

Several  very  small  examples  of  this  species,  associated  with 
larger  ones,  have  been  met  with  on  Farley  Down,  which  have  a 
very  leaf-like  form  with  a  thin  edge.  On  these  the  ridges  are 
especially  pronounced,  and  the  costsB,  which  meet  on  their  line  of 
greater  prominence,  are  rarely  continuous. 

Obosbbis  SLA.TTEBI,  Tomcs. 

A  considerable  number  of  specimens  of  a  species  of  Oroseris^ 
which,  though  varying  extremely  in  form,  may  nevertheless  be 
referred  to  the  above  species,  have  been  met  with  at  Combe  Down, 
Hampton  Down,  and  Farley  Down.  Those  on  Hampton  Down  are 
in  large  blocks  of  stone,  and  are  of  great  size,  but  they  are  very  ill- 
preserved.  The  Farley-Down  specimens  are,  however,  in  a  far 
better  condition,  and  as  they  occur  of  all  sizes,  ,they  furnish  a  good 
opportunity  of  studying  the  successive  periods  of  growth,  and  illus- 
trate the  particular  mode  of  increase  of  the  genus.  Young  examples 
are  simple,  and  usually,  but  not  invariably,  turbinate.  The  calico 
18  drcolar  and  not  very  deep.  At  this  period  they  greatly  resemble 
TTieeageris.  At  a  more  advanced  stage  the  calice  has  become  elon- 
^te,  and  it  has  two  or  three  calices  in  a  line.  But  it  still  retains 
its  turbinate  form,  though  it  speedily  afterwards  departs  from  the 
upward  mode  of  growth  and  spreads  out  in  all  directions,  eventually 
attaining  to  a  great  size  and  undefinable  form. 

I  am  in  complete  ignorance  of  the  early  form  and  mode  of  growth 
of  such  species  x)f  Otoseris  as  are  broadly  attached  or  incrusting, 
but  I  may  venture  to  record  my  conviction  that  none  of  them  ex- 
hibit the  same  method  of  growth  as  Comoseris. 

Genus  Trioyclosebis,  Tomes. 

M.  Pratz,  in  his  very  valuable  paper  on  the  Fungidee,  published 
in  the  29th  volume  of  the  '  Palseontographica '  (1882),  suggests  that 
the  specimen  from  which  I  drew  up  my  description  of  the  genus 
may  be  nothing  more  than  a  young  example  of  a  species  apper- 
taining to  some  other  genus.  Of  the  more  recently  described 
specieB  from  the  Great  Oolite  of  Fairford,  Trieydoseria  Umax,  he 
entertains  the  same  opinion,  and  informs  me  that  there  are  many 
examples  in  the  museum  at  Munich  which  have  considerable  re- 
Bemblanoe  to  the  specimens  I  have  figured.  When  drawing  up  the 
description  of  Tricydoseris  Umax  1  made  use  of  many  young  speci- 
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mens  of  TJiamnastrcea^  both  of  Gh-eat-Oolite  and  Inferior-Oolite 
species,  for  comparison,  but  did  not  in  any  instance  meet  with  an 
example  having  a  single  row  of  calices  surrounded  by  long  septal 
coetas.  I  may  confidently  state  that  Tricydoseris  Umax  is  not  the 
young  form  of  any  English  species  of  TTiamnastrcea,  though  I  cannot 
at  present  be  sure  that  it  is  not  the  young  of  an  Oroseris,  However, 
as  1  know  of  no  species  of  the  latt<er  genus  to  which  it  can  be  re- 
ferred, I  must,  for  the  present  at  any  rate,  regard  it  as  a  distinct 
genus,  but  will  omit  no  opportunity  of  inv^tigating  moW  folly  the 
several  periods  of  growth  of  the  last-named  genus. 

MiGBOsoLENA  EXOELSA,  M.-Edw.  &  Haimo. 

The  specimens  from  which  lOf .  Milne-Edwards  and  Haime  took 
their  description  of  this  species  were  found  in  the  Great  Oolite  near 
Bath,  and  formed  part  of  Mr.  Walton's  collection.  Some  years  since 
I  was  favoured  by  that  gentleman  with  specimens  from  Farley  Down, 
and  was  at  the  same  time  informed  by  him  that  all  his  specimens 
had  been  taken  from  that  locality.  During  the  present  year  (1884) 
I  was  conducted  to  the  spot  by  the  Rev.  H.  H.  Winwood,  when  I 
made  the  following  note  of  its  occurrence  there. 

Although  fragments  may  be  found  scattered  all  through  the  coral- 
bed,  it  is  only  at  two  very  restricted  and  not  very  distant  spots  that 
this  species  is  abundant.  It  is  there  found  in  a  softish  white  layer 
which  is  overlain  by  a  bed  of  hard  stone.  To  the  under  side  of  tiie 
latter  the  coral  appears  to  be  attached  by  a  rather  small  base,  from 
which  it  ramifies  in  every  direction  downwards,  and  forms  a  thick 
rounded  bush  which  attains  to  a  height  of  as  much  as  a  foot  and  a 
half.  The  peculiar  position  of  these  bush-shaped  masses,  bottom 
upwards,  would  seem  to  indicate  that  the  whole  of  the  beds  had 
tumbled  over  and  reversed  the  position  of  the  corals,  a  conclusion 
not  however  borne  out  by  the  presence,  in  place,  of  the  regularly 
bedded  compact  Bathstone  immediately  beneath,  which  was  at  one 
time  worked  at  that  place,  and  is  still  well  exposed. 

I  have  examined  several  specim^s  of  this  species  from  the  rail- 
way-cutting near  Stonesfield,  which  are  worthy  of  mention.  They 
are  attached  to  worn  specimens  of  Thamnastrcea  Lydli^  are  small 
in  size,  and  have  a  pyramidal  or  subcouical  form,  with  a  large 
apical  calice,  and  an  irregular  ring  of  smaller  ones  near  the  base, 
just  as  in  the  genus  Oenabacia,  At  this  period  of  their  growth 
they  might  be  referred  to  an  attached  species  of  that  genus,  such  as 
Oenahada  Sancti-mihieli  of  MM.  Milne-Edwards  and  Haime.  But 
other  examples  of  rather  more  advanced  growth  have  a  less  regular 
form,  and  a  greater  number  of  lateral  calices,  while  the  earlier-formed 
ones,  near  to  the  terminal  calice,  have  increased  visibly  in  size,  and 
do  not  differ  much  in  this  respect  from  it.  I  would  suggest  the 
probability  of  the  Oenahada  Sancti-mihieli  being  merely  lie  early 
period  of  growth  of  some  dendroid  species  of  TJiamnastrcM. 


In  addition  to  the  foregoing  there  are  several  species  which  are 
represented  by  such  unsalaisfactory  specimens  that  they  cannot  be 
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placed  even  genericallj.  I  may  aUude,  however,  to  one  which  has  a 
dendroid  growth,  a  thick  and  wrinkled  epitheca,  increase  hy  lateral 
gemmation,  and  denticulated  septa  which  pas's  into  a  central  mass 
which  has  something  the  appearance  of  a  papillose  colnmella. 


GoKCLxrsioK. 

The  beds  of  massive  and  nearly  nnfossUiferous  bnilding-stone 
aroimd  Bath  indicate  a  period  of  continnous  deposition  which  was 
inconsistent  with  coralline  growth.  At  the  conclusion  of  this 
period,  when  there  was  a  pause,  the  condition  became  so  far 
favourable  as  to  be  productive  of  coralline  life,  and  in  considerable 
Tariety  and  plenty. 

The  coral-beds  exposed  on  the  Farley  and  Hampton  Downs  con- 
sist of  a  whitish  mudstone,  in  which  the  corals  are  imbedded,  many 
of  them  showing,  by  their  incrusting  and  delicate  Bryozoa  and 
Serpxdse,  perfect  in  their  details,  that  they  lived  and  died  where  they 
are  now  found.     Such  has  been  the  case  with  some  of  the  tall 
dendroid  examples  of  Microsolena  exceUa^  which,  attaining  to  a 
height  of  a  foot  and  a  half,  and  having  a  bush-like  form,  may  still 
be  seen  in  the  Farley-Down  section  attached  to  the  substance  on 
which  they  grew  when  the  sea  of  the  GJreat  Oolite  washed  over 
them.    It  is  probable  that  the  coral-beds  of  these  localities,  like 
other  oolitic  ones,  were  not  of  great  extent ;  for  on  Combe  Down 
other  conditions  prevail.     The  coral-bed  there,  though  holding  the 
same  position,  presents  a  very  different  appearance.     The  corals  are 
scattered  in  it  in  varying  degrees  of  abundance.    It  is  distinctly 
oolitic,  and  does   not  afford  the  least  evidence   of  having  been 
the  place  of  growth  of  the  corals.     On  the  contrary,  they  have 
much  the  aspect  of  derived  fossils.     Yet  this  bed,  from  its  strati- 
graphical  position,  and  from  the  number  of  corals  it  contains,  is 
evidently  of  the  same  age  as- those  of  Farley  and  Hampton  Downs, 
and  may  perhaps  have  been  the  result  of  a  wash  from  some  near 
coral-bank. 

Correlated  with  the  coralliferous  deposits  of  the  Great  Oolite  of 
Oxfordshire,  those  around  Bath  probably  correspond  with  the  one 
exposed  at  Caps  Lodge,  near  Burford.  At  that  place,  and  on 
Farley  Down,  are  patches  of  Forest  Marble  which  overlie  the  coral- 
heds  and  appear  to  hold  nearly  the  same  position  in  relation  to  them 
at  both  those  places.  Hence  the  probability  of  their  being  on  the 
same  geological  level. 

From  the  frequency  of  sponges  associated  with  corals  in  the  Butts 
Quarry,  Hampton  Down,  and  at  Farley  Down,  it  is  probable  that 
Mr.  Moore's  sponge-bed  at  Hampton  Bocks  is  the  equivalent  of  the 
lower  part  of  the  coral-bed,  which  at  that  place  contains  more 
sponges  and  fewer  corals. 

Of  the  probable  age  of  the  coralline  deposit  in  the  lime-kiln 
Quarry,  near  Cirencester,  I  can  say  nothing. 

Q.J.G.S.  No.  162.  F 
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EXPLANATION  OF  PLATE  V. 

Fig.  1.  Barysmilia  Etalloni :  the  oorallum,  natural  size. 

2. :  another  specimen,  natural  size. 

3. :  Bome  costce,  magnified,  showing  their  ramifloation. 

4. :  a  few  oostn,  much  magnified. 

5.  ThamnoccBnia  oolitica :  the  oorallum,  natural  sice. 

6. :  a  part  of  the  oorallum,  magnified,  showing  its  attadunent 

to  a  foreign  body. 

7. :  some  of  the  axillary  costsB,  magnified. 

8. :  a  oalice,  greatly  magnified,  and  one  side  out  away  to  show 

the  septa. 
9.  Stylosmitia  excelsa :  part  of  a  corallum,  natural  size. 

10. :  a  portion  of  the  calioular  surface,  magnified  about  two 

diameters. 

11. :  a  worn  oalioe,  considerably  magnified. 

12. :  an  unworn  calioe,  considerably  magnified. 

13.  Enallohelia  aocialis :  a  portion  of  the  overhangmg  consolidated  upper 
surface  of  the  ooraUum,  natural  size. 

14. :  part  of  a  lateral  corallite,  with  a  calioe,  much  magnified. 

15.  Helioccenia  oolitica :  the  coralkim,  natural  size. 

16. :  a  young  calice  before  becoming  prominent. 

17. :  a  worn  calioe,  showing  the  lamellar  columella. 

18.  StylosmUia  reptans:  a  young  conJlum,  natural  size,  attadied  to  t 
T^mfkuiraa, 

19. :  a  portion  of  another  specimen,  much  magnified. 

20. :  a  worn  calice,  magnified. 

21. :  another  calice  on  the  same  specimen,  haying  Tary  irrd- 

gularly  developed  septa. 
22.  IHnufrpkuiraa  funaiformis :  the  corallum,  natural  size. 
23. :  the  cahcular  surface,  naturtd  size. 

24.  Comoseria  irradiana :  portion  of  a  ooUine  of  a  weathered  spedmen  from 

Steeple  Ashton,  magnified,  and  showing  the  supposed  ?ralL 

25.  ffemUcukms :  portion  of  a  coUine  of  a  worn  example  from  the 

Ghreat  Oolite  of  Farley  Down,  Bath,  magnified. 


DiBCUSSioir. 

Dr.  HnroB  expressed  his  sense  of  the  yalne  of  the  researches  of 
Mr.  Tomes  on  the  distribution  of  corals  in  the  Jurassic  rocks ;  but 
expressed  his  regret  that  the  specimens  described  were  not  laid  on 
Hie  table  for  the  inspection  of  ^e  Fellows  of  the  Society. 
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23.  Sketch  of  the  Gbologt  of  New  Zbalaih).  By  Captain  F.  W. 
HuTTow,  F.G.S.,  Professor  of  Biology  in  the  Canterbury  College, 
University  of  New  Zealand.    (Read  January  14, 1885.) 


CoKTENTB. 


ItUroimction, 
Grouping  of  the  Rocks, 
GenmU  Geological  Structttre, 

South  Island. 

North  Island. 

Eroptire  Books. 

Economic  Rocks  and  OoaL 
Ikseriptive  Geology. 

Manapodri  System. 

T&kaka  STstem. 

Miitai  System. 

Hokantu  System. 

Waipara  System. 

Oamani  System. 

Pare6ra  ^stem. 

Waoganiii  ^stem. 

Pleistocene  feriod. 
Baised  Beaches. 


Feat-mosses. 
Dilurial  Epoch. 
Recent  Period. 
MoMbu  Deposits. 
Distribution  of  Dinomis. 
Eruptive  Rocks. 
Manapotiri  System. 
T&kaka  System. 
Maitai  System. 
Hokantii  System. 
Waipara  System. 
Oamarii  System. 
Pare(5ra  System. 
Wan^ntii  System. 
Distribution  of  Volcanic  Rooks 
in  North  Island. 
Hot  Springs, 
Minerals, 


Intbobtiotion. 

Sm  for  size  there  are  few  places  in  the  world  where  such  a  variety 
of  geological  phenomena  are  gathered  together  as  in  New  Zealand. 
Sedimentary  rocks  are  represented  of  nearly  all  ages,  from  ArchsBan 
upwards,  and  all  but  the  lowest  have  yielded  fossils,  in  some  places 
abundantly.  We  have  metamorphic  and  eruptive  rocks  of  nearly 
all  kinds.  We  have  volcanic  cones  of  all  sizes,  from  low  hills  to 
EoapShu  *,  more  than  9000  feet  in  height ;  and  we  have  them  in 
all  stages  of  degradation,  from  mere  stumps  to  fresh  scoria-cones, 
and  one,  Tongariro* ,  still  active.  We  have  also  solfataras  and  mud 
volcanoes,  fumaroles,  geysers,  and  hot  springs  in  abundance.  We 
have  a  mountain  range  with  an  alpine  structure,  and  with  glaciers 
and  glacier  lakes  almost  equalling  those  of  Europe.  But  one  thing 
is  missing, — there  are  no  Bed  Sandstones,  either  with  or  without  salt 
and  gypsum,  and  no  magnesian  limestones.  New  Zealand  appears 
never  to  have  been  the  site  of  great  lacustrine  deposits.  In  ad- 
dition to  all  these  advantages  our  geographical  position  is  one 
of  great  interest.  It  is  in  New  Zealand  alone  that  we  have  any 
record  of  the  ancient  floras  and  faunas  that  overspread  the  South 
Pacific ;  and  it  is  here  we  must  look  for  evidence  of  the  changes 
that  have  taken  place  in  the  physical  geography  and  climate  of  tibia 
enormous  area.  Situated  at  the  antipodes  of  Europe,  any  change 
of  climate,  brought  about  by  shifting  in  position  of  the  earth's  axis, 

*  In  all  names  of  Maori  origin  pronounoe  the  vowels  as  in  Italian. 
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h\  iAinir^ib  111  tljf  !*MMiiuly  of  the  tcliiitic^  ir  by  any  purely  cosmicid 
iiiu^e  ^vliakner,  ui;;&t  lind  its  ]mrallvl  in  New  Zealand,  and,  eon- 
eetjufnily,  ^'*.'u  Zl-uLiiicI  i;^  to  Europe  a  biLse  of  rerificatioD  for  all 
eueh'likt'  li\]M)tbt'S^e8. 

The  geology  of  ^\:w  Zeulaud  I111&  been  siuditnl  for  the  last  twenty- 
five  jeart?,  and  a  \^Ttxit  Jeiil  is  kijuwu  abimt  it.  Valiiable  niemoirs 
on  variotitr  detacbt'd  distiieti^  will  be  fnund  in  tlie  ^Quarterly  Journal/ 
in  I>r,  Hoc btitet Lex's  ^orkt^,  m  tbe  ■■  Tranbactions  of  the  New  Zea- 
land Institute/  Ltiul  in  the  ret^nds  of  tbe  geological  K^urvcys  of  the 
colony.  In  the  ofiieiiil  'Handbook  of  ;Ncw  Zealand  *  (2nd  ed., 
Wellinj;;ton,  Ihi^ti),  I  Jr.  lleetor  hua  given  a  gcolopical  map  of  the 
isbijii],  and  an  e:srenent  iiuniman'  of  the  diRtribatjon  of  the  different 
formations  nnd  their  prineipal  fo&^^il  ((kji  tents  :  but,  up  to  the  pre- 
sents no  one  has  attemptetl  to  dtf^frilve  the  {geology  of  Kew  Zealand 
as  a  wliole.  1  hrkve  therefore  tbr'nsjbl  that,  aa  during  the  la^t 
eight  ein  years  1  Inive  travel  led  over  the  greater  part  of  both  the 
Koiib  and  South  Ishinds^  from  the  Bay  of  It^lauds  to  Foveaui 
Straits,  it  migrjt  be  useful  to  ofler  to  the  Society  a  bbght  sketdl  of 
the  general  geolo-i^icMl  strueture  of  the  eoiintr> . 

Fur  thosf  placea  whieh  I  have  not  peri^ojiaHy  examined  I  hite 
used  tbe  oliKervationB  of  others  ;  bnt  in  all  aueh  ea^es  I  have  gi^en 
my  jiuthority  and  a  reference  to  the  publication  in  which  it  wiU 
be  found.  Several  of  tbe  opinions  expressed  are  not  universally 
af:;reed  to  by  other  Ne^v- Zealand  geologists.  1  merely  itate  my 
own  viewH,  which  may  be  wrong,  bul  which  hnve  been  arrived  at  hy 
II  long  and  eonscientions  Btndy  of  New-Zealand  geology.  The  chief 
point  of  diiibrenco  between  the  Survey  and  my  self ^  1  have  already 
discussed  in  a  jaiper  which  I  have  had  the  honour  to  submit  to  the 
So ci ety * .  0 n  tli i^  y» oi n  I  1  h a vo  a  1  ways  follow e d  Dr.  von  Hochstetter, 
find  have  Tie\cr  eonscnted  to  the  removtJ  of  the  Aotea  series*  and 
tlie  brown  coals  ot  the  \^'uiknt4)  from  tbe  OHgocene  into  the  Cretaoe*^ 
Tertiary  formation  of  Dr.  Hector,  where  they  are  grouped  with  the 
Baurian  beds  of  tbe  Wai'imra,  and  with  the  Coal-measurea  of  Pitkawatu 
near  Nelson,  Tbe  otln  r  points  of  diflereuce  aro  of  minor  impor- 
tanco  ;  arid  J  have  not  thouj^bt  it  advisable  to  discuss  them  here,  a* 
difieii&Bion  would  be  otit  of  place  in  a  mere  aketeh  like  the  present* 

LrHOUeiSQ  OF  XRB  EoCKBp 

The  geolog}*  of  a  distnct  can  be  studied  quit^e  irrespectiTe  of  any 
other  part  of  tlie  world.  We  can  gronp  ite  rocks  by  means  of  un- 
conformities  (stratigrapbical  and  [lalteontologieal)  into  systems  and 
aeries,  and  after  having  made  out  its  geological  history,  we  can  eom- 
pnro  it  with  lb  at  of  other  parts  of  the  world  by  endeavouring  to 
refer  the  systems  and  scries  to  their  probable  equivaleulB  in  Eujop*- 
On  the  other  haTidT  we  may  commence  by  trying  to  refer  the  mctf 
of  the  district  to  their  European  equivalents,  and  refrain  fbnB 
giving  names  to  the  local  systems.    The  first  plan  has  been  adopted 

*  '*  On  the  Qeolodoal  Position  of  the  Weka-pass  Stone."  Bead  254h  June, 
1884,  but  not  yet  publifibed. 
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by  Dr.  Ton  Haast  and  by  myself ;  but  Br.  Hector  prefers  the  second 
for  the  larger  groups,  giving  local  names  only  to  the  series.  Of 
ooorse  there  is  no  real  difference  between  the  two  methods,  it  is 
merely  a  qneetion  of  nomendatare ;  but  in  a  district  so  far  from 
Europe  as  is  New  Zealand,  the  second  plan  must  for  many  years  be 
more  or  less  uncertain,  and  constantly  liable  to  change  as  our  palsd- 
ontologioal  knowledge  increases ;  and  different  geologists  may  call 
the  same  group  of  rocks  by  different  names.  The  first  plan  it  not 
open  to  this  objection,  and  is,  indeed,  the  same  as  that  necessarily 
employed  in  Europe.  As  geological  investigation  advances,  other 
systems  and  series  may  have  to  be  added ;  but  those  that  are  once 
generally  accepted  remain  for  all  time. 

It  is  on  tMs  first  plan,  therefore,  that  I  propose  to  group  our 
rocks ;  but  as  the  method  has  as  yet  been  applied  only  to  separate 
districts,  many  of  the  names  used  are  synonymous,  and  it  becomes 
necessary  to  introduce  a  modified  scheme  applici^le  to  the  whole 
of  New  Zealand.  This  I  have  attempted  to  do,  and  will  state  the 
considerations  that  have  guided  me  in  drawing  it  up.  In  the  first 
place  the  names  of  the  systems  and  series  should  be  geographical, 
and  taken  from  the  most  typical  districts,  where  the  rocks  are  best 
developed  and  contain  the  most  fossils ;  but  names  already  in  pretty 
genend  use  should  not  be  altered,  although  some  other  locality 
might  logically  furnish  a  better  name.  In  the  second  place  the 
names  of  the  systems  and  of  the  series  should  be  of  Maori  origin^ 
in  order  that  they  may  be  eharaoteristic,  and  may  convey  to  geo- 
logists in  all  parts  of  the  world  the  idea  that  they  belong  to  New 
Zealand.  In  the  third  place,  priority  in  nomenclature  should  be 
allowed  considerable  weight.  The  following  Table  shows  the  ar<« 
rangement  I  propose,  ^e  right-hand  column  gives  the  probable 
European  equivalent,  that  is  the  probable  age ;  but  it  must  be  under- 
stood that  this  is  merely  provisional  and  constantly  liable  to  change. 
I  have  introduced  among  the  systems  two  new  names — Hokaniii 
and  TA[aka,  each  of  which  represents  a  natural  group  of  rocks  to 
which  no  collective  name  has  previously  been  applied ;  and  yet  names 
are  necessary,  for  in  many  puts  of  New  Zealand  we  can  refer  rocks 
to  one  or  other  of  these  systems,  and  yet,  in  the  absence  of  fossils, 
it  is  impossible  to  say  to  which  series  they  bdong.  The  grouping 
of  the  Tertiary  rocks  is  founded  on  that  given  in  a  former  commu* 
nication  to  the  Society  *,  but  it  includes,  modifications  subsequently 
made. 

*  **  Sjnopais  of  the  younger  Formations  of  New  Zealand."  Quart  Jounu 
G«oL  Soe.  ToL  zxix.  p.  §72. 
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Table  of  Sedimentary  Formations  in  New  Zealand, 


Sjstemg. 


Series. 


Probable  age. 


Eecent        | 
PleiBtocene.  I 


WangantH 
SyBtem. 


Fare6ra 
Sjitezn. 


OamanS 
System. 


Wafpara 
Sjystem. 


HokaniH 
System. 


Maftai 
System. 


T&kaka 

System. 


MJanapoM 
System. 


Alluvia  and  jEolian  deposits  with  Moa- 
bones  and  traces  of  Man. 

Baised-beaohee  and  Shore-deposits. 
Peat-mosses  with  Moa-bones. 

K6reru  Series. 

Ormond  Series. 

P^tane  Series. 

Piitiki  Series. 

Older  Gladal  deposits. 

Lignites  of  Ot&go,  M&nokau,  &o. 

Awat^re  Series. 

Kanieri  Series. 

T&whiti  Series. 

Ahuriri  Series. 

Waitemata  Series. 

Brown  Coal  of  Pomahika,  &o. 

Mt.  Brown  Series. 

Aot^  Series. 

Ot<5tara  Series. 

Turangantii  Series. 

Goals  of  Waikato,  Xaitiingata,  &e; 

Amiiri  Series. 

Awantii  Series  (?). 

Matak6a  Series. 

Coals  of  GreymoQth,  P&kawaa,  &o. 

fPutatdbi  Series. 

Flaffhill  Series. 

CatBn's  Biyer  Series. 
^Bastion  Series. 

Wair6a  Series  —/ Otaplri  Series, 
wairoa  series .  -  i^  q^^.  g^^ 

Eaihiku  Series. 


Matai^  Series = 


Bimut^ka  Series. 
TeAnau  Series  (?). 

Biwaka  Series. 


JBeoent 
1^  Pleistocene. 

Newer  Pliocene. 
Older  Pliocene. 

"Miooene. 

Oligooene. 

Upper  Cretaoeoiu 

-  Lower  Jarassic. 
Trlassio. 


I  Osrbonlferoua. 

[Silurian. 
OrdoTioian. 


Aiohsan. 


ObNEBAL  OsOLOGIOAL  STBrOTUBB. 

In  the  Souih  Island  the  New-Zealand  Alps,  dividing  Canterbniy 
from  Westland,  form  a  narrow  range,  which  rises  in  Mt.  Cook  or 
Aorangi  to  an  altitude  of  12,349  feet.    To  the  north  and  to  Uie 
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tooth  the  mountains  bulge  out,  somewhat  in  the  shape  of  a  dumb- 
bell, the  handle  being  bordered  on  the  west  by  the  plains  of  West- 
land,  and  on  the  east  by  the  plains  of  Canterbury.  The  southern 
end  of  the  dumbbell  is  also  notched  by  the  plains  of  Southland. 
The  mountains  are  formed  by  a  main  anticlinal  curve  (fig.  1,  a  a) 
nnming  from  the  neighbourhood  of  Lake  W^naka,  in  Ot^go,  in  a 
north-easterly  direction  to  Tasman's  Bay,  and  forming  the  ge-anti- 
elinal  of  New  Zealand.  The  greater  part  of  the  west  side  of  this 
anticlinal  has  been  removed  by  denudation  in  Westland,  so  that  the 

Fig.  1. — The  South  Island  of  New  Zealand. 


— — —    SynolinAla. 
•»    Fralt. 
MtCook. 


ndge  of  the  Alps  no  longer  coincides  with  the  axis  of  the  curve,  but 
forms  part  of  its  south-easterly  face.  On  the  Canterbury  side  the 
rocks  are  thrown  into  three  broad  syndines  (fig.  1,  6,  c,  d)^  sepa- 
rated by  two  anticlines  (fig.  1,  e,/)  running  more  or  less  at  right 
an^es  to  the  main  anticline.  The  most  southerly  of  these  syn- 
dines (6)  goes  from  the  neighbourhood  of  Palmerston,  in  Ot^,  in 
a  northerly  direction  to  Lake  Pukaki ;  the  second  (c)  from  the 
Qawler  Downs,  in  South  Canterbury,  in  a  westerly  direction  to  the 
junction  of  the  Havelock  and  Clyde  rivers,  in  the  Upper  Eangitata ; 
the  third  {d)  runs  from  Waiau  in  a  northerly  direction  to  the 
neighbourhood  of  the  Wairau  Gorge,  in  Nelson  Province.    The 
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Bocondary  anticline  («)  rune  from  Hunters  Hills,  in  South  CantcrbuT?, 
northerly  to  the  Two  Thurah  range,  dipping  in  the  north.  Mt.  Cook 
is  placed  at  the  point  where  tb©  aynclines  ft  and  c  and  the  anticline  f 
meet  (fig.  1,  x  ).  The  anticline  /  rnna  from  the  gorge  of  the  AsMev 
in  a  westerly  direction.  In  Otitgo  the  main  anticline  tuniA  sharply 
to  the  south,  dipping  slightly  in  that  direction,  and  on  its  wofiierly 
slope  a  hynchjie  (%.  1,  c?)  runs  from  the  Greenatone  River,  west  of 
Lake  Wakatipii,  tlirough  the  Hokanui  Mountains  to  Catlings  Kiver, 
following  with  considerable  esactneai^  the  direction  of  the  OU^o 
anticline.  In  the  northern  part  of  the  Bouth  laland  tke  main  anti- 
cline, turning  more  to  the  north,  runs  out  at  Taaman  a  Bay,  and  is 
flanked  on  the  north-west  by  a  ByncUne  (h)  passing  through 
Snowdon  and  the  Anatoki  Mountains  to  Golden  Bay ;  and  on  the 
Houth-east  by  another  eyncHne  (i)  near  Nelson,  tbllowed  by  an 
anticline  (I)  which  runs  from  the  neighbourhood  of  Top-house 
in  a  north-easterly  direction  through  Picton  and  Queen  Charlotte 
Bounde. 

All  the  sodimentan*  rocks,  up  to  the  Hokanui  System  indusive, 
partake  in  these  fleiiirt^.  The  Wafpara  System  is  also,  to  some  ei- 
tent,  involved  in  Otiigo  and  Nelson  ;  while  the  rocks  of  the  Oamaru 
and  younger  systeme  either  retain  their  original  plane  of  deposition 
or  are  occasionally  locally  disturbed.  These  last  occupy,  for  the 
most  part,  valleys,  or  wrap  round  spurs  of  the  older  rocks.  A 
large  fault  (fig.  1,  m)  occurs  in  the  w-est  part  of  Otiigo,  running  in 
a  nearly  north  and  south  direction  through  Lake  Te  Anau«  snd 
throwing  up  the  Manapoiiri  Splem  to  the  west*.  No  clear  evi- 
dence of  the  age  of  this  '*Te  Anati  fault"  hsis  as  yet  been  obtained, 
:ts  the  junction  between  the  Manapoui  i  and  Maitai  Systems  has  not 
been  closely  studitd  :  but  it  appears  to  have  been  formed  before  the 
deposition  of  the  Maitai  System. 

The  iVor/A  Islawl  is  very  difl'erent.  A  narrow  ridge,  rising  in 
the  Kaiminawa  llangc,  east  of  Lake  Taupo,  to  oOOU  feet  or  more, 
runs  from  Wellington  in  a  north-easterly  direction,  to  near  the 
East  Cajje,  attaining  here  also,  in  Hiknrangi,  a  height  of  55U0  f«jt. 
It  is  bordered  on  the  south -eaBt  by  billy  country,  occasionally 
attaining  nearly  to  the  altitude  of  the  main  range,  and  on  the  north- 
west by  country  which  is  broken,  but  generally  low,  with  the  ex- 
ception of  three  great  volcanic  cones — Mt.  Egmont  (8280),  Kuapehn 
(U105),  and  Tongariro  ((i500) — near  the  central  psirt  of  the  ialaiid* 
The  rocks  also  differ  much  from  tliose  of  the  South  Island.  1%« 
crystalline  schists  of  the  Tilkaka  Syatora,  which  are  so  conspiouoitt 
on  the  south  side  of  Cook's  Straits,  suddenly  disappear  and  are  quite 
unknown  in  the  north.  The  main  range  is  formed  by  rocks  belong- 
ing to  the  Maitai  and  Hokanui  Systems,  smothered  on  each  side  hy 
Tertiary  beds,  through  which  rise,  at  intervals,  throughout  the  Auck- 
land Province,  isolated  ridgee  and  peaks  of  the  older  Maitais  and 
Hukanuis. 

This    sudden   change   at   Cook's   Straits  strongly   suggests  tJie 
presence  of  a  fault  with  the  upthrow  to  the  south,  althou|;h  it  ii 
♦  'Gfeology  of  Otago;  p.  23.  Dunodin:  1875. 
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Dot  possible  to  prove  its  exlstenoe.  The  rocks  of  the  Oamaru  and 
younger  systems  are  found  at  nearly  equal  elevations  on  both 
islands ;  bat  are  higher  in  the  central  part  of  the  North  Island  than 
elsewhere.  On  the  contrary,  the  rocks  of  the  Waipara  and  older 
systems  go  to  considerably  greater  heights  in  the  Sonth  than  in  the 
Nortii  Ldand,  consequently  the  '^  Cook's  Strait  fault,"  if  it  exists, 
was  probably  formed  in  the  interval  between  the  deposition  of  the 
Waipara  and  Oamaru  Systems,  the  downthrow  being  to  the 
nortii. 

Bocks  belonging  to  the  Hokanui  System  are  found  on  the  eastern 
side  of  the  Maitais  in  the  Buahine  range  in  Wellington,  and  in  the 
Bankamara  range  near  the  East  Gape.  In  the  Kawhia  and  Baglan 
districts,  in  the  Auckland  Province,  they  lie  on  the  western  side  of 
the  Maitais.  So  probably  the  ge-antidinal  of  the  South  Island  runa 
through  the  centre  of  the  North  Island  from  Wanganui  to  the  Bay 
of  Plenty. 

All  the  rook  systems,  up  to  the  Hokanui  inclusive,  have  much 
the  same  lithological  characters  throughout  New  Zealand,  and  can 
be  broken  up  into  series,  which  are  chronologically  distinct.  They 
may  be  called  ^^  continental  formations,"  that  is,  rocks  formed  on 
the  shoro  of  a  continent  with  large  rivers.  All  the  rock  systems 
above  the  Hokanuis  aro,  on  the  contrary,  very  variable  in  litho^ 
logioal  character  in  differont  localities,  even  when  not  far  apart ; 
the  only  exceptions  being  a  few  limestones,  probably  the  relics  of 
coral  reefs.  These  may  be  considered  as  "  insular  formations,"  that 
is,  as  having  been  deposited  round  the  margin  of  islands,  from 
which  ran  no  great  rivers.  It  is  impossible,  at  any  rate  at  present, 
to  divide  these  latter  systems  into  series  which  are  in  all  cases 
chronologically  distinct  The  series  hero  are  geographical,  and  over- 
lap each  other ;  but  I  have  to  some  extent  indicated  their  probable 
relations,  in  the  table  of  formations. 

Eruptive  rocks  cover  but  a  small  area  in  the  South  Island.  Iso- 
lated exposures  of  granite  occur  along  the  ge-anticlinal  axis  from 
Paringa  River  in  Westland  to  Lake  Botoiti  in  Nelson,  and  in  a  few 
other  places  west  of  the  axis,  the  largest  area  being  in  the  south- 
west of  Ot^,  at  Preservation  and  Chalky  Sounds.  On  the  east 
there  are  a  few  patches  of  volcanic  rooks  of  younger  date.  In  the 
North  Island,  ako,  volcanic  rocks  are  rare  on  the  east  side  of  the 
main  range ;  but  on  the  western  side,  from  the  centre  of  the  island 
to  Aucklimd,  they  cover  more  than  half  the  country,  and  appear 
again  in  great  force  further  north,  between  Hokianga  and  the  Bay 
of  Islands.     There  is  no  granite  in  the  North  Island. 

Dr.  Hector  has  estimated  the  percentage  of  area  covered  by  these 
different  formations  as  follows  ♦ : — 

North  iBland.  South  Island. 

Waipara  STrtem  upwards    56-4rt  24-72 

Manapoiin  to  Hokaniii  Systems 1192  73*37 

EruptiveEocks 31-62  1-91 

lOOOO  lOO-OO 

*  Handbook  of  New  Zealand,  1880.    I  have  altered  tbe  arrangement. 
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Good  roofing-slate  h  found  m  the  TiCkaka  System  Jin  CHaigo : 
statuary  marble  in  tlie  Manapoari  System  at  Caswell  Sound; 
litliographic  limestone,  with  rocks  belonging  either  to  the  Waipara 
or  Oamaru  Systems,  south  of  JBruce  Bay,  on  the  west  coast  of  the 
Houth  Island.  Coal  in  thin  beds  ia  found  in  the  Mataura  Series, 
but  there  are  no  workable  seam  a  older  than  the  Matakea  Series  at 
the  base  of  the  Waipara  System.  From  the  date  of  the  Hokantii 
System  to  the  present  day  land  has  existed  continuously  in  New- 
Zealand,  and  no  doubt  decaying  vegetable  matter  has  constantly 
accumulated  in  favourable  localities.  But  it  was  only  when  the^e 
accumulations  were  covered  up  by  deposition  that  they  have  been 
preserved.  This  occurred  in  two  ways; — (1)  By  mariae  deposit* 
on  subsidence  of  the  land;  aud  (2)  by  lacustrine  and  fluviatile 
deposits.  Conseqnently  wo  find  coals  or  ligoites  at  the  base  of  the 
Waipara,  Oamaru,  Pareora,  and  Wanganui  Systems  coveired  by 
marine  beds ;  and  also  wo  havo  coals  and  lignites  of  intermediate 
age  oovored  by  fresh-water  beds.  These  latter,  however^  we  may 
for  convenience  group  in  each  case  in  the  system  to  which  the  over- 
lying series  belongs,  although  there  may  be  an  unconformity  between 
them*  The  J^'ew-Zcaland  coals,  therefore,  belong  to  what  I  have 
called  insular  formations.  They  do  not  form  large  basins,  as  in 
England,  N.  America,  or  ATistralia,|butI  occur  wrapping  round  hills 
formed  by  older  rocks,  and  are  consequently  almost  always  worked 
by  day-levels  and  not  by  shafts* 

DEscKiprrvK  Gboxoot. 
Manapo^n  S  if  item. 

This  system  is  largely  developed  on  the  west  coast  of  Ot^go,  from 
Preservation  Inlet  to  Milford  Sound,  extending  inland  to  I^e  Te 
Anau.  Elsewhere  it  is  only  known  on  the  west  side  of  Tasman  s 
Bay  in  Nebon,  from  Motueka  to  Separation  Point  (Biwaka  series) : 
but  it  may  probably  occur  in  Weatland  also. 

The  rocks  consistof  grey  and  red  gneiss,  garnet^bearing  schist,  honi- 
blcnde-schist,  mica -schist,  quartz-schist,  and  occasionally  granular 
limestone.  Scales  of  grujihite  have  been  found  in  the  mica-schist 
at  Dusky  Sound.  The  beds  are  not  contorted,  and  the  dip  is  almi^st 
constantly  westeriy,  varying  from  45^  to  SO'^,  the  only  easterly  dip 
recorded  being  at  the  marble  quarries  on  the  north  aide  of  Caswell 
Sound  * ;  and  here  this  dip  seems  to  bo  local,  for  the  marble  on  the 
south  side  of  the  Sound  dips  S.  W.,  45 ".  We  can  only  eac4ipe  from  the 
conclusion  that  these  rocks  have  a  thickness  of  muny  miles  by  suj)- 
posing  either  that  the  plane  of  foliation  does  not  alwaya  ootneide 
with  the  original  ]>lanu  of  bedding,  or  that  a  series  of  reverse  folds 
occur,  neither  of  which  has  as  yet  been  proved. 

Tdkaha  Sj/stem, 

This  system  covers  a  large  extent  of  countrj-  in  Collingwood 
County^  and  can  bo  traced  south,  continuousiy  through  Mt.  Aiihur, 
*  M^Kaj,  Eeportfl  of  Geologicid  Survey,  1881,  p.  11^ 
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Merino  Mts.,  Lyell  Mts.,  Brunner  Mts.,  Victoria  Mts.,  Werner  Mt»., 
and  along  the  westerly  base  of  the  New  Zealand  Alps  into  CHigo, 
where  it  again  expands  considerably,  and  turning  eastward  with 
the  anticlinal  axis,  covers  the  greater  part  of  the  interior  of  that 
province,  reaching  the  sea  in  the  neighbourhood  of  Dunedin.  The 
centre  of  the  secondary  anticlinal  fold  in  S.  Canterbury  (fig.  1^  e) 
and  the  one  in  Marlborough  (^')  are  also  occupied  by  these  rocks. 

In  the  north-west  part  of  the  Nelson  Province,  the  Tdkaka 
Bjstem  can  be  divided  into  three  series,  aU  of  which  appear  to  be 
eonfonnable.  The  lowest  of  these  is  the  Mt.  Arthur  Series^  which 
consists  principally  of  crystalline  limestone  with  bituminous  and 
micaceous  schists.  This  series  has  yielded  to  Mr.  A.  M^Eay,  the 
indefatigable  assistant  of  the  Geological  Survey,  a  few  Crinoids  and 
a  C!oral.  The  middle  or  Aorere  Series  is  formed  principally  by  blue 
alatee,  but  abo  contains  sandstones  as  weU  as  felspathic  and  quart- 
zose  schists.  In  the  slates,  Mr.  J.  L.  Morley  and  Mr.  S.  H.  Cox  have 
collected  Graptolites,  some  of  which  appear  to  be  identical  with 
AostraUan  Ordovician  forms.  The  upper  or  Baton-River  Series 
consistB  of  calc€ureous  slates  and  argillaceous  limestones  with  slates 
and  sandstones.  The  following  list  of  the  *'  more  important  or 
abundant  '*  fossils  of  this  series  is  given  by  Mr.  M*Kay  * : — 

Galymene  BlumenbaohiL  Bhynohonella  WilBoni. 

Homalonotus  Knightii.  Stricklandia  lyrata. 

Orthooeras.  Atirpa  retioulans. 

Murchiaonia  terebralis.  OrthiB. 

ATicula  lamnoniensifl.  Strophomena  oomigatella. 

Pterinea  spinosa.  Obonetes  striatella. 
Spirifera  nidiata. 

It  also  contains  many  corals  and  corallines. 

Fossils  of  the  Baton-river  Series  have  been  found  as  far  south  as 
Beefton,  and  in  addition  Spirifera  vespertilio  and  Homalonotus  ex- 
p<msus,  Hector  t ;  but  beyond  that  the  metamorphism  gets  more 
pronounced,  and  the  rocks  of  the  system  pass  altogether  at  the  base 
into  chlorite-schist  and  quartzose  mica-schist,  wifii  occasional  beds 
of  graphite  (W^aka  Series),  and  in  the  upper  parts  into  phylUtes 
wiUi  clay-slate  and  quartzite  (Kakanui  Series).  No  cdcareous 
ro^  are  known  in  the  south. 

The  thickness  of  this  system  in  Otago  cannot,  I  think,  be  less 
than  100,000  feet ;  but  in  the  Nelson  Province  Dr.  Hector  estimates 
it  at  from  15,000  to  18,000  feet  only. 

The  junction  of  the  Tdkaka  with  the  underlying  Manapouri 
System  can  be  studied  in  the  Biwaka  Mountains,  west  of  Tasman'd 
^y,  and  here  Mr.  S.  H.  Cox  has  shown  a  complete  unconformity 
between  the  two  t  (fig*  2,  6  and  c). 

♦  fBeports  of  Geological  Survey,  1878-9,  p.  126. 
t  Trans.  N.  Z.  Institute,  vol  ix.  p.  602  (1877). 
J  Beports  of  Geological  Surrey,  187&-80,  p.  2,  Section  A JL   . 
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It  13  very  remarkable  t^t  in 
the  P  ravin  ce  of  Nebon,  whew 
there  are  several  expoatiTQi  of 
gramte  in  connection  with  Uiii 
»m,  and  where  the  locis  ire, 
in  plttcca,  violently  diatmljed, 
metamorphie  action  has  bccD 
much  less  than  in  OtiKgo,  wheiv 
the  rocks  lie  nearly  flat  and  m 
granitit;  areas  occur.  Thia  nuli- 
tates  much  againtit  Mr.  Mallet'i 
idea  that  the  heat  of  metamor- 
phism  is  dae  to  crustiing.  On  tb# 
other  hand,  tlie  <?normous  thkk- 
nes3  of  the  system  io  Ot^igo  and 
the  gradual  decrease  of  metamof- 
phic  action  upward  make  it  pro- 
C   "I  I.  ba-l^le  that,  in  this  case,  the  meta- 

co*=Q    morphiam  is  due  to  the  intenial 

£  %    heat  of  the  earth. 

E^  O  Maitui  System, 

^*  ^  This  system  is  found  in  tha 
South  hland^  flankiDg  the  Tfltaka 
System  on  both  sides  of  the  main 
anticlinal  (ti,  Hg.  1),  except  in 
^^  Weatland,  where  it  has  been  almost 
.|  entirely  removed.  In  the  Ni^rik 
^  hland  it  formw^  the  t  hief  part  of  the 
main  range  from  Wellington  to  East 
Cape  (Eimutika  Series),  as  well  as 
most  of  the  outcrops  of  old  sedi- 
mentary rocks  in  the  Province  of 
Auckland.  The  rocks  are  duelly 
argillites,  red  and  black  alatea,  and 
grey  and  green  sanditones,  witb 
occasional  beds  of  limestone  in  the 
South  Island.  Thick  maasea  of 
greenstone-ash  are  found  interhed- 
^ed  with  the  slates  and  Bandatones 
in  many  places  in  A^'ew  Zealand, 
but  these  rocks  appear  to  bo 
local. 

The  thickness  is  estimatfld  hy 

J.  Dr.  Hector  at  from  7,000  to  10,00& 

J  5    feet;    but  it  is  very  difficnli  to 

i  ^    form  an  opinion,  as  the  atratafica- 

tion  is  often  obscare. 

That  an  unconformity  exists  be- 
tween this  and  the  Tiikaka  Syatem 
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is  evident.  In  Nelson  it  has  been  shown  to  rest  indifferently  on 
the  Aorere  and  the  Mt.  Arthur  Series*,  the  Baton-river  Series 
being  absent  (fig.  2,  d).  In  Westland,  Ifr,  Cox  describes  these 
rocks  as  qnite  nnconformable  to  the  schists  f ;  and  at  Eeefton  they 
have  been  shown  to  be  unconformable  to  the  Baton-river  Series 
(=s  B^fton  Series)  by  Dr.  Hector,  Mr.  Cox,  and  Mr,  M*Kay.  At 
the  Tapan4i  Mts.  in  Otdgo,  the  system  rests  partly  on  the  W^aka, 
and  partly  on  the  Kakunui  Series,  while  in  the  West-coast  Sounds 
it  appears  to  rest  upon  the  Manapouri  System.  But  notwithstanding 
this  tmconformity,  it  is  by  no  means  easy  to  draw  the  line  between 
this  and  the  Takaka  System  in  Otdgo  ;  for  the  metamorphic  action 
has  passed  upwards  through  both,  assimilating  to  some  extent  along 
the  boundary  the  rooks  of  each  system. 

In  consequence  of  the  rocks  being  generally  unfossiliferous,  it  has 
not  yet  been  found  possible  to  break  up  this  system  into  distinct  series. 
According  to  Dr.  Hector,  the  following  fossils  occur  in  limestone  at 
the  Dun  Mountain,  near  the  base  of  the  system  : — Spirifera  bisul- 
eaUt,  Spirifera  glabra,  Productus  hrachyOuvrus,  Cyathophyllum  and 
Cyathocrinu*,  In  the  upper  part  of  the  system  the  only  fossils 
known  are  the  tubes  of  two  or  more  species  of  Tubicolous  Annelides, 
perhaps  Comrdiiest- 

The  Rimutdka  Series  of  the  North  Island  no  doubt  belongs  to  the 
Maitaa  System.  The  Te  Anau  Series  of  Dr.  Hector  is  now  con- 
lidered  by  the  Geological  Survey  as  forming  the  base  of  the  Maitai 
System,  but  formerly  it  was  placed  at  the  base  of  the  Hokanui 
System  §.  It  is  said  to  consist  of  *'  an  enormous  thickness  of 
greenstone  breccias,  aphanite  slates,  and  diorite  sandstones,  with 
great  contemporaneous  floes  and  dykes  of  diorite,  serpentine,  syenites, 
and  felsite  ''||  ;  and  it  appears  to  me  to  be  merely  Uie  igneous  rocks 
belonging  to  the  sydtem,  and  not  to  represent  any  particular 
horiaon.  I  say  this,  however,  with  much  hesitation,  because  Mr. 
S.  H.  Cox,  to  whose  opinion  I  attach  great  weight,  differs  from  me 
(m  this  point  and  agrees  with  Dr.  Hector. 

Remarkable  beds  of  manganese  ore,  generally  associated  with 
red  jasperoid  slates,  are  found  in  several  places  in  the  Auckland 
Province  and  also  near  Wellington.  In  many  respects  these  rocks 
remind  one  of  the  deposits  now  being  formed  in  the  deeper  parts  of 
the  Atlantic  and  Pacific  Oceans,  and  the  absence  of  fossils  strengthens 
the  impresssion. 

This  system  is  the  same  as  my  ^^Eaikoura  formation."  The 
<*  Westland  formation,"  and  the  lower  part  of  the  '*  Mount  Torlesse 
formation  "  of  Dr.  von  Haast  also  belong  to  it.  The  rocks  called 
•*  Maitai  slates  *'  by  Dr.  von  Hochstetter  are  seen  in  the  neighbour- 
hood of  Nelson  to  overlie  rocks  containing  Monotis  belonging  to  the 
W^roa  Series  ;  and  in  addition  to  this.  Dr.  Hector  collected  from 

♦  Cox,  Beports  Geological  Survey,  1881,  p.  47.    Up.  DeYonian,  a. 
t  Beports  (Geological  Survey,  1874-76,  p.  68,  and  sectionfl. 
t  See  M«Kay,  Bep.  Geol.  Surv.  1879-80,  p.  90. 

IBeporte  of  Geological  Survey,  1876-7,  p.  v. 
'  l^dbook  of  New  Zealand,'  1883,  p.  36. 
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them,  in  1866,  foastla  wliicb  were  said  to  be  Inocer^mug  *♦  For 
these  reaHons  I  have,  in  my  rc}>OTt  on  tbo  Geology  of  Otiigo  (1875), 
a&aociated  Dr,  HochHtetter's  Maitai  slates  with  tho  Wairoa  Series ; 
and  Dr.  Hector  in  1877  considered  them  to  be  the  same  qa  the 
Kaihiku  Series  of  the  Nuggeta  aud  Mt.  Fotte  t.  But  on  tho  other 
hand  these  slates  resemljl©  in  litbulogical  charaetor  those  found  in 
other  parts  of  New  Zealand  underlying  the  Hokanui  System ;  and 
tbere  is  therefore  some  doubt  as  to  the  true  position  of  the  Maitai 
slatea.  Consequently  I  should  have  preferred  to  retain  my  nama 
of  "  Kaikoura  "  for  tMs  system ;  but  the  term  Maitai  baa  been 
largely  used  by  the  Officers  of  the  Survey  for  the  present  group 
of  rocks,  and  I  do  not  wish  to  destroy  this  approach  to  uniformity 
by  insisting  on  the  desirability  of  employing  some  other  name. 
I  am  the  more  ready  to  do  so,  as  I  think  it  probable  that  the 
superior  position  of  the  Maitai  slates  to  the  Wain'ia  Series  near 
Nelson  may  be  duo  to  inverjtion  J,  and  that  the  supi>08ed  Inoc^amm 
may  belong  to  some  other  genus  of  the  same  family. 

Hokanui  System, 

This  system  is  found  in  the  North  Isluud  between  Kawhia  and 
the  WaikatOj  and  again  at  Port  Waikiito  (Pntataka  Series)  §.  It 
also  occurs  at  WellingtoD,  in  the  Kuahine  range,  and  again  in  the 
Eaukam^ira  range,  near  the  East  Cape»  In  the  South  Inland  it  is 
found  on  the  eastern  side  of  the  ge-anticline,  outside  the  Maitai 
rocks,  and  occupies  part  of  the  synclines,  6,  c,  aud  d,  already 
mentioned  (tig.  1),  as  well  as  the  Southland  syncline  (r/).  In 
Westland  and  in  the  north-west  of  the  Nelnon  Province  it  is  quite 
unknown.  A  small  patch  is  found  near  Nelson  (Wairoa  Series)* 
but  the  two  largest  areas  covered  by  this  system  are  on  the  north- 
east and  on  tho  south  of  the  island.  Commencing  in  the  neigh- 
bourhood of  Kaikoura  peninsula,  it  skirts  the  main  range  to  the 
Hanmer  plains,  sending  northwards  a  long  tongue  towards  the 
Woirau  gorge.  To  the  south  it  reaches  the  Cant^^rbury  Plains 
at  the  gorge  of  the  Ashley.  It  reappears  in  the  Malvern  Hills, 
and  in  tho  north  branch  of  tbo  river  Ashburton,  whence  it  runs 
southwai^ds  to  the  neighbourhood  of  Mt.  Peel,  extending  in- 
land through  the  Clout  Hills  and  llangitata  River  as  f ar  aa  thie 
junction  of  the  Clyde  and  the  Havclotk,  near  Mt.  Potts.  Anotfaitr 
exposure  of  these  rocks  occurs  somewhere  near  the  Mackeniie 
I^lains-^  in  the  centre  of  the  basin  formed  by  the  main  anticline  and 
its  easterly  extension  in  Otago  (<?*  rr,  fig.  1),  and  tho  secondary  anticline 
(e)  running  from  Hunters  Hills  towards  Mt.  Cook,  Mr*  A.  M'Kay 
has  proved   the  existence  of  this   exposure  by  finding  foeails  b^ 

♦  B4jport«  of  Goologiea!  Survej-,  1870-1,  p.  113,  ftnd  1878-9,  p.  117, 
t  Bep.  Geol.  Siirrffv.  187(>-7,  p.  v. 

iM-^Kay,  K«p.  Geol.  Survey,  1877-6,  pp.  ir>f>-ir>8. 
Bocks  of  tbi«  age  were  mk\  by  Dr.  Hector  to  occur  north  of  Aucklaodl^ 
near  Miihurangi  (Gfol.  Eep.  1874-6,  p.  vi),  aud  doubtfully  ut  tb©  istaad  of 
Kftwuu  (Geol.  Rep,  18f>8^9,  u,  45) ;  but  thiB  W  not  been  connnDad  bjr  Mr.  Cat, 
(Geol.  E<^p.  1879-80,  p.  14). 
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loQgmg  to  the  83r8tem  in  bonlderB  in  the  Waitaki  * ;  but  the  rocks 
have  not  yet  been  detected  in  situ.  The  southern  development  of 
the  system  is  on  the  coast  between  the  rivers  Clutha  and  Mataura, 
passing  inland  through  the  Hokanui  Mountains  to  beyond  Mt. 
Hamilton.  This  is  the  best  locality  for  making  out  the  series  of 
rocks  forming  the  system,  a  work  which  has  been  ably  accomplished 
by  Mr.  8.  H.  Cox  t. 

The  rocks  are  principally  blue  slates  and  green  or  brown  sand- 
stones, with  beds  of  conglomerate  sometimes  passing  into  breccias. 
There  are  no  limestones.  In  the  lower  series  beds  of  greenstone 
ash  occur,  and  in  the  upper  thin  seams  of  coal.  It  is  a  littoral 
formation,  plant-remains  being  found  throughout.  The  thickness 
has  been  estimated  both  by  Mr.  Cox  and  by  myself  at  between 
20,000  and  25,000  feet  in  Southland. 

This  system  is  undoubtedly  unconformable  to  the  Maitai  System, 
but  it  not  easy  to  get  good  sections  to  prove  this.  The  best  is 
perhaps  in  Southland,  at  the  Takitimu  Mts.,  where  I  reported  an 


Fig.  3. — Section  from  Oreti  River  to  the  Takitimk  Mountains. 
(Distance  12  miles.) 

IJL  8.W. 


d.  Malta!  System. 
/.  Waipars  System. 


e.  Hokanlii  System. 
g.  Oamarti  System. 


unconformity  in  1872  J,  and  this  has  since  been  confirmed  by 
Mr.  Cox  §  (fig.  3,  e).  In  no  place,  however,  is  it  known  to  rest  on 
the  Maitai  System. 

The  Hokanui  System  forms  the  upper  part  of  Dr.  von  Haast's 
'*  Mt.  Torlesse  formation."  It  has  been  divided  into  a  considerable 
number  of  series,  all  conformable  to  each  other,  but  distinguished 
by  their  fossils.  The  fossils,  however,  have  not  been  described; 
and,  although  it  may  very  probably  be  true  that  all  these  series 
wiH  be  found  to  be  necessary,  at  present  it  is  impossible  to  recognize 
than  in  the  field,  and  it  therefore  seems  to  me  preferable  to  reduce 
tiie  series  to  three  at  the  most.  The  KaiMku  Series  forms  the  base 
of  the  system ;  but  fossils  are  rare,  and  I  doubt  much  whether  it  can 

*  Reports  of  Geological  Survey,  1881,  p.  77. 
t  Bep.  Geol.  Surv.  1877-8,  p.  26. 
t  Eep.  Geol.  Supt.  1871-2,  p.  103. 
S  Eep.  GeoL  Suit.  1877-8,  p.  113. 
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be  separated  from  the  Wairoa  Series,  The  only  characterislie  fbflsil 
mentioned  by  Dr.  Hector  is  Trltjonotreia  Hndulat/t^  Lahyriuthodont 
t-eeth  and  Glmnopteru  are  found  both  here  and  in  the  next  higher 
series.  Remains  of  what  appears  to  l>e  an  IcJithifosaurus  *  haTe 
been  fotind  near  Mt.  Potts,  in  S.  Canterbury,  in  beds  recognized  by 
the  Geological  Survey  as  beloH^ng  to  the  Kaihiku  Series.  Br. 
Heetor  csonsiders  this  series  of  Permian  age ;  at  the  eame  time  he 
Eotices  the  absence  of  "  the  usnal  Palaeozoic  elemonta  of  a  Pennian 
fauna^ ''  and,  I  may  add,  of  a  Permian  flora  also. 

The  Wair6ii  Serks  is  well  characterized  by  the  foUowing ; — 


B^lemniies  (?)  otapineniie^  Hecttir, 
Monotii  Baliuam,  var.  richiaondiana, 
Zittd. 


Halobia  Lommellir  Wkfm, 
Mytilu*  ]jn>blematicuft,  ZUtd, 
Spirigera  Wrpyi,  SuetM, 


There  are  also  several  Spirifers  which  ate  referred  by  Dr,  Hector 
to  new  genera  or  subgenera  (not  jet  described)  call^  Olamgefii^ 
MasteUi^tra^  and  Ev'ovha  f. 

Among  the  plant'*  are  Dammam  fomlk  (Ung,),  Zamiiea^  Ekadto- 
phullum,  Ghssoj^teriSf  and  Neuropteris, 

The  Mataura  Series  is  characterized  by 


Ammonitw  novo-xelandioua,  Hautr. 
Beleranitea  auokkndieue,  Hauer. 
■^—  Hwhstt^tteri,  Hector  |, 


Bel  em  11  ilea  catlinoniia,  Meeior* 
Inocommus  Haasti,  Hoektt, 
Aucelk  pllcata,  ZitteL 


The  plants  are  Pol tf podium  /{(whstdteri,  TJng.,  Asplniium  pakg' 
Qpterisy  Ung.,  'fit^niopten^  Unearis^  and  MaerokTniopferis  lata  §, 

Witipara  Sifstem, 

In  the  South  Isltrnd  this  system  extends,  with  a  few  interruptions, 
from  Cape  Campbell  in  Cook's  Straits  to  thv  river  Asbbarton  in 
S.  Canterbury  ( Amuri  Series),  and  an  isolated  patch  occara  in  the 
Trelissick  ba-sin  on  the  upper  Waimakariri,  In  Otiigo  it  indudos 
the  coal-measures  of  Shag-point  and  the  Horse  liang©  (Matakea 
Series),  as  also  the  coal  of  Mt.  Hamilton  and  possibly  a  small  patch 
on  the  north  shore  of  Lake  Wakatipn.  In  the  Nelson  Province  it 
inelndes  the  coal-measures  of  Piikawau,  and  the  bituminous  coals 
of  the  Buller  and  Grejmoath,  In  the  North  idand  Mr,  iPKay 
bas  recogniz4?d  the  system  on  the  eftst  ooiwt'  of  WelUngton  ]L  and  it 
apparently  covers  a  large  extent  of  country  in  the  Waiapu  district^ 
in  which  oil-springs  are  situated  (Awanui  Series);  and  again  oo 
the  Wairoa  river  north  of  Kaipara  Harbour  %  in  Auckland*    Bat 

*  IchthyomuruM  ausfralt^,  Heetor,  Trans.  K.  Z.  Inatitut*,  ri.  p.  355. 

t  Dr.  Hector  al«o  mentions  Kau^ilm  memdiscus^  Kautitus  ytrnto/t/tci,  Plmr^ 
t&tmtria  orwufa,  atic!  Thncredia  trunciUa. 

t  TraiiH.  N.  Z.  Institute,  voL  x.  p.  486. 

§  Br.  Hector  ukg  inentif^tift  Triqonia  eottaia,  Spiriffirina  rottraia^  ^Ukf^ 
VycadifeA,  Fjchimdrohti^^  lind  VamptopteTig. 

t  Report*  of  Geolori(3d  Surrey,  1878-9,  p.  79. 
Oox,  BeportA  of  Geologioal  &ifrej,  1879-80,  p.  22. 
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until  the  fossilfl  from  these  North-Island  localities  have  been  carefully 
compared  with  those  from  the  typical  districts  at  Amur!  and 
Waipara  in  the  South  Island,  it  is  impossible  to  feel  quite  certain 
about  their  age.   • 

The  thickness  of  the  system  at  Amuri  Bluff  is  estimated  by  Mr. 
M^Kay  at  about  1600  feet.  I  considered  the  Matak^a  Series  at 
Shag  Point  to  be  between  6000  and  7000  feet.  The  strata  are 
usually  much  disturbed  except  in  North  Canterbury.  In  Marl- 
borough they  go,  in  Benmore,  to  an  altitude  of  4360  feet.  In 
BuUer  coonty  they  form  mountains  6000  or  6000  feet  high,  and  at 
Kt.  Hamilton  in  Otdgo  they  occur  at  an  elevation  of  3700  feet. '  In 
the  North  Island  the  greatest  elevation  of  the  system  is  in  the  East 
Cape  district,  and  perhaps  does  not  exceed  2000  feet. 

This  system  is  quite  unconformable  to  the  Hokanui  System  in 
Marlborough  and  Canterbury.  The  coal-measures  of  the  Malvern 
Hills  and  of  Mt.  Hamilton  (fig.  3,  /)  rest  on  the  Hokanui  System  ; 
those  of  Shag  Point,  the  Grey,  and  the  Buller,  rest  on  the  Maitai 
System ;  and  those  of  Pdkawau  in  Nelson  on  the  Tdkaka  System, 
showing  a  complete  stratigraphical  unconformity.  The  palaeontolo- 
gical  break  is  probably  equally  great,  but  it  has  not  yet  been  proved. 

The  upper  part  of  the  system  in  Marlborough  and  Canterbury 
consists  of  white  argillaceous  limestone  (Amuri  limestone)  often 
containing  flints.  Dr.  Hector  calls  it  a  deep-sea  deposit ;  but  it 
must  have  been  formed  within  a  few  miles  of  land,  and  in  the 
Eaikoura  peninsula  has  thin  bands  of  fine  conglomerate  running 
through  it.  Near  Oxford,  in  Canterbury,  a  chalky  limestone  occurs 
which,  according  to  Dr.  Hector,  is  "  made  up  chiefly  of  minute 
shells  of  Foraminifera  "  *,  but  I  can  find  none  in  it.  Although  it 
is  remarkably  pure,  it  must  have  been  formed  dose  to  land,  as  the 
Oxford  Hills  behind  it  rise  to  a  considerable  height.  It  is  no  doubt 
the  remains  of  an  old  coral  reef;  but  as  no  fossils  have  been  found 
in  it,  it  is  uncertain  whether  it  belongs  here  or  to  the  Oamaru 
System. 

In  the  typical  district  remains  of  marine  Saurians  belonging  to 
the  genera  PlesiosauruA^  Mauisaurus,  TaniwhasauruSy  PolycotyleSj 
and  Leiodon  have  been  found  jind  have  been  described  by  Sir  E. 
Owen  t  and  by  Dr.  Hector  J.  Among  the  Mollusca  are  Belem- 
niUs  australis,  Phillips  §,  Conchothyra  jmnuitica,  M*KUoy||,  a  genus 
allied  to  Pugnellus^  Conrad,  of  the  North-American  Cretaceous^ 
Irweeramu9^  Trigonia  sidcata.  Hector^,  and  many  others  not  yet 
described.  The  plants  found  at  the  base  of  the  system  at  Waipara 
are  chiefly  dicotyledonous  angiosperms  and  Dammara,  From 
Pdkawau  Dr.  Hochstetter  obtained  Equisetites,  Neuropteris^  and 
either  Zamites  or  Phcenicites ;  but  leaves  of  dicotyledonous  angio- 

*  Reports  of  Geological  Survey,  1879-80,  p.  viii. 

t  Bnt  Afluoc.  Rep.  1861,  p.  122,  and  Geol.  Mag.  1870. 

i  Trans.  N.  Z.  Institute,  toI.  ri.  p.  333. 
Hector,  Trans.  N.  Z.  Inst  x.  p.  487. 
See  Reports  of  Geological  Surrey,  1873-4,  p.  37,  footnote. 
Trans.  N.  Z.  Inst  ti.  p.  868,  footnote. 

aJ.Q.S.  No.  162.  a        ^  , 
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-J terms  nlmj  ownr  there-  *.  Tho  rrptOian  rcTuains  of*mr  stow  the 
l<'-'(Li  svilli  flirotyk-d^motis  kaTes  at  the  Waipara,  and  they  wcur 
iilpuvi-  ihi^  Ijerk  with  Biumnitf^  ttfistralis  at  ximiiri  Blurf:  but  the 
ii  lati^iii  r«f  the  JkktDDite  ktik  to  the  kaf-keds  has  not  pt  Ws 
Tnailt'  I  ml.  Mr.  A.  51  Kay  ro]i»trtt>  having  found  AminomOs  at  the 
Ten-inik'  Crtck  iKur  Gre}  nioiith  t,  and  abo  near  Waimtriroa,  betn-eetl 
*upc  Kifjnajjfj*  r.s  iind  Cape  TuruagaiD  an  the  eai^t  c^ast  of  Wei- 
liri^rtnji  J.  Iff  fil^u  mentiuu-^  tinding  a  skcklon,  apparently  ^eptilian^ 
u\  l.uke  Walalipu,  frum  whieh  **  fragnieots  uf  a  jaw  with  hng 
>\vinhr  rk"siiLHiaynis-like  t^'elh'""  vrem  obtaine*!  §.  In  the  Otjigo 
3Iu.**fjiim  thero  is  a  frrifrmeiit  uf  an  Ammonite  from  the  Mataka* 
>-i  rlci^  nviiT  Shnvt  roint  .  L^r.  Hector  mentk>ns  laocemmif  and 
/kknithfh:ji  irom  the  Awanul  Serks  in  the  East  Cap?  District f;  and 
y\t\  CuK  rqiortfl  JtuHerfttufts  from  the  \Vair<k  river,  Kaipart 
Kar!if>ur*^.  A  "  smooth  Itionntmus'^  is  also  meniioBed  hj  Ui. 
il'Kav  Ei^  oLLUrrihy^  in  ii]any  idiiees  between  East  Cape  and  Capo 
I^aliisertf. 

Xtt  nndudbtc^I  XUN-^^f/Mtc  fossil?^  have  t^oen  rei^orted  froin  any  otljer 
oi'the  (lisiriets  {(lusiidered  Ijy  the  (Uoh'^viA  iSurrey  as  "* Cretaew- 
tirtiary."  Aerordininf  to  Dr.  Hector  **  no  trace  of  a  Memmte 
jirKise.ssin^  the  npjHT  part  of  it^  i:uard  ur  phnigmocone  has  been 
di-^covered  in  any  bed  nhow  the  blaek  grit '"jt,  that  is  about  Oie 
niiddk^  nt  thf  Arnuri  h^erie^.  lint,  he  says,  smooth  lui^iform  bridios, 
v.il]i  ti  niirmte  depression  or  perioration  at  the  hm^r  end,  which 
rxkdiatt?  irom  Ibe  t-entrul  portion  of  Hie  guard  of  B.  mtMniih,  haT« 
heejj  klund  at  Green  Lshmd,  near  Dnnedin,  at  Waitaki,  and  at 
lit.  Hiiniilltm  iij  (jttigo.  He  further  Hays  that  these  bodies  form 
\hi''  Jv*ttttIioniii}if.r  c^  Atiitwcamtuv)  of  Milk't,  and  have  frequently 
been  mibtakeu  for  g] fines  of  CifhtriM,  But  as  no  whole  guard  of  a 
Jidrmiiile,  even  wiibont  the  phruf^'moeone,  has  as  yet  been  found  At 
anv  of  these  Inciilitk^is,  nor  iu  un}^  rock  supposed  to  be  of  the  same 
a^e,  tlie  oururc  of  this  fbsBi!  must,  for  the  present,  be  considered 
doubtful,  Tlie  roekni  in  whieli  it  oceura  at  Green  Island  and  at  l^e 
Wait  aid,  1  euttsider,  from  other  pala-ontolo^ical  eridcnee,  to  beloi^ 
to  tbe  Oamaru  System.  This  fosisil  is  idenliusd  \vith  the  *^  pseadn- 
belemnite"  de8cribed  by  Jh.  Mantell  fram  what  are  kiiowu  m  the 
*"  HntelikiHon  (inarry  beds''  at  OamaTu§§,  and  which  are  cooaJdcTcrl 
by  tho  (ieoki^ieal  Purvey  t^  bo  of  Upper  Eocene  age^. 

0am ant  SifSfem* 
In  the  KariJi  Island  this  system  oecure  in  many  pliiees  north  of 
Auckland  and  nil  down  the  west  eoast  from  Port  Waikato  to  Mokia 

«  TU'pirtfi  of  GeoLjgiofll  Siirvpv.  1870-1,  p.  157. 

f  Ri'p.  Geol  Siirv.  187^^-1,  p.  8L  1  Bep,  Geol.  Surv.  1874^,  p.  4^ 

i  Rep,  Gl^oL  Sutf.  J87(M<X  p.  145,  f|  G^ologj  of  Olago,  p  45. 

•|   Ikp,  Gi'ol  Surv,  IsT^M,  p.  x^iii, 

*•  Bep.  Geol.  Siiry.  1879-80,  p.  22.  tt  Bep.  Geol.  Surr.  1877-8,  p.  22. 

it  Trans.  N.  Z.  Institute,  vol.  x.  p.  489. 

$$  Quart.  Journ.  Gfeol.  Soc.  vi.  p.  329.  The  Ototara  limestone  of  Mr.  Mantell 
induded  the  Hutchinson  Quarry  beds  with  abundant  ahells  and  corals,  as  well 
as  the  Oamarii  building-stone. 
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(Aot^a  Series).  On  the  east  coast  it  appears  to  be  largely  developed 
in  the  northern  part  of  Hawko's  Bay,  extending  inland  to  Lake 
Waikaremoana  ♦,  and  eastward  to  Poverty  Bay  (Turanganui  Series) ; 
but  the  fossils  require  more  examination  before  the  proper  position 
of  this  series  can  be  ascertained.  In  the  Wellington  Province  it 
has  only  been  recognized  in  the  neighbourhood  of  Cape  Palliser  t. 
Valuable  seams  of  coal  lie  conformably  below  marine  sandstones 
belonging  to  this  system  at  the  Bay  of  Islands,  and  at  Whangarei. 
The  coal-beds  of  Drury  and  the  Waikato  underlie  the  system 
unconformably,  but  they  probably  belong  to  it  J. 

In  the  Sou^  Island  it  occurs  at  T^kaka  and  Tata  Island  in 
Golden  Bay,  and  extends  down  the  west  coast  for  some  distance 
from  Cape  Farewell ;  it  is  found  again  from  Cape  Foulwind  to 
Greymouth.  On  the  east  side  of  the  island,  commencing  at  Cook's 
Straits,  it  occurs  at  intervals  along  the  eastern  flanks  of  the 
moontainB  all  through  Marlborough,  Canterbury,  Ot^go,  and  South- 
land to  the  Waiau  river.  Some  of  the  inland  valleys  on  both  sides 
of  the  Alps  are  also  partly  filled  with  rocks  belonging  to  this  system. 
Valuable  seams  of  brown  coal  are  found  at  Dunedin,  Tokomainro, 
Kaitangdta,  and  Nightcap  Hills  in  Southland.  In  Nelson  Province 
the  brown  coals  of  West  Wanganui  probably  belong  here,  as  also 
may  much  of  the  brown  coal  up  the  Buller  river. 

I  have,  in  another  communication  to  the  Society  §,  given  my 
reasons  for  thinking  that  this  system  is  unconformable  to  the 
Waipara  System  in  the  northern  part  of  Canterbury.  No  well- 
defined  junction  is  found  in  Ot^o  ;  but  both  at  the  Horse  Kanges 
and  at  Mt.  Hamilton  (fig.  3,/  and  ^),  the  general  geological  structure 
of  the  country  leaves  no  doubt  that  the  two  are  also  unconformable 
therelt.  There  is  no  published  section  showing  the  relation  between 
the  two  systems  at  Greymouth.  The  system  attains  an  elevation  of 
about  4000  feet  in  the  North  Island,  east  of  Lake  Waikaremoana, 
In  the  South  Island  it  probably  never  exceeds  2500  feet. 

Remains  of  Cetaceans  have  been  found  at  Cavcrsham^,  near 
Dunedin,  at  Weka  Pass,  and  many  other  places.  A  Zeuglodont 
(Kekenodon  onemata.  Hector  **)  has  been  found  at  the  Waitaki.  A 
gigantic  penguin  {Palateudyptes  antarcticus^  Huxley  ft),  occurs  at 
Oamaru  in  the  Ototara  building-stone  ;  a  splendid  specimen  from 
here  is  in  the  Otdgo  Museum ;  also  at  the  Curiosity  Shop  on  the 
Rakaia  Biver,  at  Trelissick  Basin,  at  Amuri  Bluff,  and  near  Brighton 
on  the  west  coast  JJ.    A  crab  {Harpadocardnus  tumidusy  H.  Wood- 


*  Cox,  Eeports  of  Geological  Survey,  1874-6,  p.  102. 
t  M«Kay,  Bep.  Geol.  Surv.  1878-9,  p.  80. 
i  Trans.  N.  Z.  Institute,  iii.  p.  244. 
S  "  On  the  Geological  Belations  of  the  Weka-pass  Stone.** 
Geolofij  of  Otaffo,  p.  50. 


^ 


Inclumng  a  skull  in  the  Otago  Museum. 

Trans.  N.  Z.  Institute,  vol.  xiii.  p.  435. 
ft  Ann.  Nat.  Hist  ser.  3,  toI.  iii.  p.  509 ;  and  Quart.  Joum.  Geol.  Soo.  xv. 
p.  670  (1869). 
tt  Hector,  Trans.  N.  Z.  Inst  iy.  p.  341. 
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ward),  originally  obtained  by  Mr.  Jl^Kay  near  Brigbton*,  has  also 
been  found  in  greensands  at  Whurekauri  in  tbe  Woftaki  t. 

Of  tbo  Molluaea,  tbe  most  interesting  are  At  aria  ziczae,  SoWp, 
var-  australis^  M^Coy,  Mitral  JUajyintUa,  Struthiohtria  «fn«» 
HuLton,  and  Fhdadomtja.  About  9  or  1<>  per  cent,  of  tbo  species 
appear  to  be  recent.  Tbe  Ecliinodermata  bave  been  considered  to 
bave  a  Cretaceous  facies,  and  this  is  to  eomo  extent  true  if  they  arc 
compared  mtb  European  forms;  but  it  is  not  true  if  the  comparisoB 
be  made,  as  it  ongbt  to  be,  with  the  Australian  Echinodennata, 

Tbe  occurrence  of  Nummulites  has  been  reported  in  the  North 
Island  from  Waipn  J,  Lower  Waikato  §,  Poverty  Bay  and  the  Ea-st 
Cape  district  [|,  and  from  tbo  east  coast  of  Wellington  ^,  In  the 
South  Island,  from  the  Grey  mouth  distrita**,  and  between  Westport 
and  Cape  Fonlwind  ft-  But  I  doubt  mu^jh  if  any  true  Jfl^umrauhto 
has  ever  been  found  in  New  Zealand,  At  any  rate  I  have  nerer 
Been  one,  although  I  have  been  shown  the  so*ealled  Nummulitea  in 
the  Wellington  Museum, 

Unger  has  described  in  the  'Keise  der  Novara,*  seTeral  IcaTi* 
belonging  to  tbo  genera  Fagus^  Ldranthophrjlhtm^  Mt^rtifohum,  and 
Phrfllites,  brought  by  Dr,  von  Hochstetter  from  Drury  and  Waikato. 
In  the  same  publication,  Dr,  Zittel  has  described  Mollnsca  and 
Echinodcrmata  from  Papakura,  Waikato  South  Head,  Motupipi, 
and  Cape  Farewell,  all  of  which  belong  to  this  system,  Ilie 
Foraminifera  of  liaglan  (^Waingaroa)  are  described  by  Dr,  Staohe, 
Other  Br)  020a,  Foraminifera,  and  Entomostraca  from  the  Ototara 
limestone  are  mentioned  by  Bn  MantcU  J  J,  and  some  corals  and 
Bryozoa  are  described  by  tbe  Eev,  Tenison-Woods  §§. 

The  following  are  the  moat  characteriiitic  fossib : — 


Plearotoma  hebm.  Button  |j  |, 
8trutbiolaria  seneXf  Huiton, 
Bcailaria  Browni,  ZitteL 

rotunda,  Haidm. 

Bentaliiim  tc^nue,  Hut  ton. 
Panopjta  plicata,  Hut  ton. 
Pecteii  Willi amaotti,  ZitteL 

Fiftcberi,  ZiihL 

Hutchinsoni,  Hutton, 

atbleta,  Ztttd. 


Luma  iBBTigatJi,  Button^ 

jMiheata,  Hutf/m. 

LoTenia  fortiiosa  \Zitt*l), 
Hacropneu^9  spatangifoi 

Huttmi, 
MeomjL  Orawfordi^  Muttim, 
Scbixaeler  rotimdiitiia,  Zittd, 
Ibib  dacty la,  7bfi8t>i^  Woodt. 
FlAbellum  laticxistatum,   Thtim 

Woods. 


Pecim  HochsUtieri^  Zittel,  and  P,  ZittelU,  Hutton  ^  aro  also  cbino- 
teristic,  but  they  both  pass  up  into  the  Paroora  System. 

*  E^porU  of  Geological  Surrey,  1S73-74,  p.  IIL 
t  M^Kay,  Rep.  QeoL  Buty,  1881,  p,  74. 

*  Kep.  OeoL  Surr.  l874-7i^  p.  vl 

I  Ri*p.  Owl  Surv.  1876-77.  p.  21. 

II  R*p,  Geol.  Surr.  1873-74,  p.  116,  k^. 
•^  Rep.  GeoL  Surr.  1874>7ti,  p.  47. 

••  R*?p.  GeoL  Surv.  1873-74,  p.  xiv. 
ft  Rep.  Geol.  Surv.  1873-74,  p.  lOfi. 

it  Qanrt.  Jourti.  G«ol.  8«c.  vi,  p.  321)  (1850). 
I  Pfliirontclogy  of  New  Zealnnrl,  pt.  u.  Welliagton,  1880. 
I   For  de^npticina  me  'Cot-idoguc  of  tbo  Torlmrj  MoUuMSfe  and  BeUMte" 
mRt«  of  New  Zealand,'  Wellingloa,   1873.      The  plates  mentioQad  in  tb» 
preface  are  not  yet  pubUabed, 
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Paredra  System, 

In  the  North  Island  this  system  is  widely  distributed  in  the 
nortii  from  Cape  Rodney,  Eawau,  and  Kaipara  Harbour  to 
Auckland,  where  it  forms  the  cliflfs  round  Waitemdta  Harbour,  and 
at  Orakei  Bay  (Waitemdta  Series);  and  extends  south  to  the 
Waikato.  Its  only  other  occurrence  on  the  west  coast  is  at  the 
White  Cliffs  in  Tarandki.  On  the  east  coast  it  covers  a  large 
district  between  East  Cape  and  Poverty  Bay  (Tdwhiti  Series) ;  and 
commencing  again  at  Napier,  it  is  largely  developed  all  down  the 
coast  to  Cook*s  Straits  (Ahuriri  Series).  In  the  centre  of  the  island 
it  IB  found  in  the  upper  parts  of  the  Bangitiki,  Wanganui,  and 
Waitot^Lra  Eivers.  In  the  South  Island  it  is  found  on  the  west 
coast  at  Nelson  (the  difBs),  and  from  Beefton  to  Hokitika  (Eanieri 
Series).  It  is  much  better  developed  on  the  east  coast;  in  the 
Awatere  valley  in  Marlborough  (Awat(^re  Series),  between  the 
Horiniii  and  Waipara  rivers,  in  the  Trelissick  basin,  and  again  in 
8.  Canterbury  and  Otigo  from  the  Bangitata  to  Moeraki.  A  few 
patches  occur  in  S.  Ot%o  and  in  Southland,  and  it  is  extensively 
developed  on  the  east  side  of  Lake  Te  Anau.  It  also  occurs  at  the 
Chatham  Islands. 

In  the  South  Island  the  upper  part  of  the  system  is  often  formed 
by  thick  beds  of  gravel.  This  is  best  seen  near  Nelson,  where,  in 
the  Port  Hills,  gravels  are  distinctly  interbedded  with  sandstone 
containing  Pai*e6ra  fossils  ;  and  these  gravels,  sometimes  cemented 
bto  conglomerates,  pass  inland  to  Lake  Botoiti,  attaining,  in  the 
Mout^re  and  Wai-iti  hills,  an  elevation  of  2334  feet  *.  The  same 
may  be  seen  in  the  railway-cutting  on  the  north  side  of  Weka  Pass 
in  Canterbury. 

This  system  attains,  in  the  South  Island,  an  elevation  of  3000 
feet  at  Mt.  Pleasant,  near  Lake  Te  Anau,  and  also  in  several 
valleys  in  the  centre  of  the  New-Zealand  Alps.  In  the  North 
Island  it  goes  to  4000  feet  between  Napier  and  the  Mohaka  Biver. 
The  rocks,  although  thrown  into  rolling  curves,  are  not  violently 
disturbed  except  locally,  and  especially  in  the  neighbourhood  of 
volcanic  rocks.  There  is  a  remarkable  instance  in  the  diffs  near 
Auckland.  This  section  is  hard  to  understand,  but  it  is  quite 
dear.  The  Pare<5ra  System  has  been  shown  by  myself  t  and  by  Mr, 
Cox  I,  to  lie  quite  unconformably  on  the  Oamaru  System  in  the 
Auckland  Province  (fig.  4,  h  and  g).  In  the  East-Cape  district, 
Dr.  Hector  and  Mr.  M*^Kay  show  it  unconformable  to  the  Turan- 
ganm  Series  §.  In  N.  Canterbury  no  unconformity  has  been  made 
out  In  S.  Canterbury  Dr.  von  Haast  reports  unconformity  between 
the  two  II,  and  in  Ot^  the  unconformity  is  usually  well 
marked  f. 

*  Beports  of  Gkological  Survey,  1873-74,  p.  49. 

t  TmM.  N.  Z.  Init  iu.  p.  244  %  Rep.  Geol.  Sunr.  1879-80,  p.  17. 

iBep.  GeoL  Sunr.  187^74,  aeotions. 
Geology  of  Canterbury  and  Westland,  p.  318. 
^  Geology  of  Otago,  p.  6a 
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^i^^  4,^ — So'tit^ii  frutn  ueui^  //uKitl;  Aifdl^Oid,  ii>  the  Wmrm  Siv€r* 
i\.  I, 

I 


A  5?  "        ,/ 

Tho  hiimrrns^  of  ?i  Pnrpmse  f  /^Itoofttopsih  Mrnttdli^  HuxlcT  *)  wbi 
found  liy  Mr,  Mjuitdl  at  Awamna,  near  Oamnni,  He  also  fouJid  a 
fra^niu'iTt  of  a  1-inf  :^  lionp,  1|  inch  in  dianiotcr,  in  a  septariiini 
from  JIam]>(Iei[  i  =  (^rK"k3kam)  t,  iind  tbi^,  from  its  size,  must  bavp 
be  Ion  ill!]  to  :i  Mon.  Teeth  of  the  hu^D  iliocenc  shark,  Cf^rfhnmkn 
nifffithnloit,  Hwen,  have  Ifetm  fouud  near  Ea^t  Cape,  But  the 
sph m  is  ehidlydinractenzed  hyitsnumoroua  s-j^^em^&of  Strtithkkrvh 
Thi}  other  int^^rfrsliivf^  ^Jolluscaare  Poli/triqiti ^  Siphonalm ^  Comin^lltK 

ihnbi^  Vnts^fifefhf^  Pt^KK  Trhjiutia^  Linrnpsk,  and  Siflenellit.  Larpe 
sptcics  of  VifciiU^m^  Carilhun  qmilomtm^nml  Ttirlm  »nperhmm^^^ 
a  5ca  waniitr  than  ni  j) resent  :  hut  with  these  lived  several «peoe» 
ivliieh  are  rmw  found  at*  far  smith  aa  Foveanx  Straite,— e^,  F^jM* 
pm  iju  -ff,  Tp  Hi  t  u  Sj  u  I  i*j  h  ri,  Vr  a  us  >^tn  tilt  h  a  rif  i^  n  nd  P*^ctjinrit  lu^  hf^ 
e*i.skittfS[.  From  ^0  to  15  per  cent,  of  the  epecics  of  MoUusca  sad 
Brachioi^odti  ar<^  ncont.  Fo'i^ii  plants  of  thti  system  are  namenjut 
near  Tap  an  a  i  in  (}t%o.  Br.  Zittel  has  described  eereral  MoUuitfa 
from  Cape  Kodnev.  Xapier,  eliffd  near  Nolson,  and  tho  AwEt^re 
Valley.  Dr,  Stoliezka  baa  described  the  Eryozoa,  and  F.  Ksim 
the  Foramiiiifera  frtim  Or/ikei  Buy, 

The  follinrintr  maj-  he  considered  as  charact*ristic : — 


Comiiiplla  Rublnsonj  (Zfffef), 
Tohitft  i^ornij^jiUi,  Huff  mi. 
PJcurntoiiia  .sule^itoit  Hutffm, 
CoinmTrailli,  Haffmi. 
JJtitin?!  purdidji,  ^i>w. 
Strut  hioluria  c'inctii,  Huff  on, 

fubeiciilam,  HttNotK 

Dcnrjiliuiii  Mnnit^Ui,  ZittEL 

lap?c,  Htfttm. 

sol  id  unit  Hudijn. 


Curd i  am  apfttiosnm,  Httfim. 
Cnw-HatcUa  limplat  ZifUL 
Iiimupai»  iQiohtA,  Saw. 
Pecten  secEflj  Mutton, 
—  Tripliooki,  Ziftd, 

Ostrca  ingens,  ZUUL 
FlflbcIIum  corbiculft.  Tm.-Wooit. 
PktThelin  disUni.  Tftn.-ffW* 


Pertitneutifft  ijlobo,ft(s,  Hutton,  and  Ojitrea  nehonmna,  Zittelf  a^J 
aim  he  considered  m  eharaoteristic,  but  they  occur  as  weU  m  tt(? 
Oftmarii  System,  Indeed  theso  two  systems  ar©  olo^ly  connerie^ 
pal«?onto]o;cically,  and  the  following  highly  charaoterietiG  ip«k* 
occur  equally  in  hofh,  but  do  not  occur  outside^  ihmB  apteio*:— 

*  Quart  Journ.  Geol.  Soa  xv.  p.  670;  and  Ann.  Nat  BKat  ■».  3,  toL  ffi. 
p.  609. 
t  Quart  Journ.  OteolL  8oo.  tI.  p.  326. 
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Turritella  gigantea,  HutUm, 
Scalaria  Ijrata,  Zittel, 
Dentaliam  g^igantoum,  Sow. 
OaoaU«aalta,  Sow, 


Pecten  Burnetii,  Zittel, 

polymorphoides,  ZiiiBU 

Ostrea  Wiilleratorfi,  Zittel, 


Wangaw&i  System. 

Marine  beds  belonging  to  this  system  have  been  proved  by 
pateontological  evidence  only  in  the  southern  half  of  North  Island, 
from  Patea  and  Wanganui  on  Cook's  Straits  (Putiki  Series),  to 
the  Xganiroro  River  (Kereru  Series),  and  Esk  River  (Petane  Series) 
in  Hawkes  Bay.  There  can  be  no  doubt,  however,  that  the  system 
also  occurs  at  Poverty  Bay  (Ormond  Series),  at  Tarandki,  round 
IDbukau  Harbour,  on  the  west  side  of  Whangarei  Harbour,  and  in 
Tarious  other  places  in  the  province  of  Auckland.  In  the  South 
Island  the  marine  beds  of  the  north  appear  to  be  represented  by 
thick  unfossiliferoos  gravek,  which  are  very  difficult  to  distinguish 
from  the  upper  gravels  of  the  Pare6ra  System.  These  beds  rest 
miconformably  on  the  Pare<5ra  System  in  the  western  part  of  Wel- 
linj?ton  Province*,  and  also  in  Hawkes  Bay  f,  wherever  the  junction 
has  been  seen,  the  only  doubtful  place  bein^at  Pohui,  east  of  Napier, 
▼here,  according  to  Mr.  Goxty  the  unconformity  mentioned  by 
Mr.  Percy  Smith  below  his  "  Pohui  pap^  §  "  does  not  exist.  The 
marine  beds  attain  an  elevation  of  more  than  2000  feet  near  Napier. 

I  have  elsewhere  ||  given  reasons  for  concluding  that  the  former 
great  extension  of  our  glaciers  was  caused  by  greater  elevation  of 
the  land  during  the  interval  between  the  Pare6ra  System  and  the 
marine  beds  of  the  Wanganui  System.  As  these  marine  beds  are 
foesiliferous  in  the  North  Island  only,  where  there  are  no  traces  of 
former  glaciation,  it  is  not  possible  to  get  direct  proof  of  this ;  but 
in  Otiigo  the  old  Taieri  moraine,  between  Lake  Waihola  and  the  sea, 
which  forms  low  rounded  hills  between  400  and  500  feet  in  height, 
is,  on  the  seaward  side,  covered  nearly  to  the  top  by  marine  gravels, 
which  may  belong  to  this  system  or  may  be  younger. 

The  fossils  of  this  system  are  very  dififerent  from  those  of  the  last« 
We  miss  the  species  of  Struthiolaria  and  Pecten ;  and  there  is  no 
Conm  or  Ltmopsis,  On  the  other  hand  Murex^  Trophon,  Pisania, 
and  Cassis  appear  for  the  first  time.  It  is  also  remarkable  that 
there  should  be  three  genera,  OZtVa,  Sigavetus^  and  Biselln^  not 
now  represented  in  our  seas.  From  70  to  90  per  cent,  of  the 
MoUusca,  and  all  the  Brachiopoda  are  recent.  Dr.  von  Haast  has 
found  Moa  bones  in  morainic  deposits  %  belonging  to  this  system.  A 
list  of  some  of  the  Foraminifera  from  the  Petane  Series  by  Mr.  Q.  R. 
Vine,  junior,  will  be  found  in  the  ^  Transactions  of  the  New  Zealand 
Institute,'  voL  xiii.  p.  893.  In  addition  to  the  large  percentage  of 
reoent  species,  this  system  may  be  recognized  by  :— 

»  M«Kay.  Eep.  G«oL  Sarr.  1877-78,  p.  19 ;  and  I.e.  1878-79.  p.  84. 
t  M'Kay,  I.e.  1878-79.  t  Rep-  Geol.  Sunr.  1874-76,  p.  97. 

I  TTanB.N.  Z.InBt.  ix.p.  568. 

j  Trans.  N.  Z.  Inst  v.  p.  384,  and  Geolognr  of  Otago,  p.  83. 
1  Qeology  of  Ganterbury  and  WeeUand,  p.  380,  and  Quart  Joum.  Qeoh 
8oe.  xxi.  p.  135. 
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Trophon  expansii»,  Huttxm. 
Piennia  Drewii,  Hntron, 
Fletjrciiomtt  wnngiinuieniisj  Muttim, 
^^—  tubercuhtta,  JTiri. 
Gftlprud  inQatiLH,  Huttun^ 
TroctiUB  oonicui,  Htttton, 


Ziayphiaufl  Hodgei,  Butftm, 
Bcntalium  nunuro.  Mutton, 
Cjtherea  a^imilis,  Hntt^n. 
Oslrea  cornigata,  HutUm, 
Trochocyadius  quin&rtuf ,  2>»i.-  Wood^ 
Flabellum  rugulusum,  Ten.-Wood^, 


There  are  also  many  uthera^  the  deacriptions  of  which  are  not  yet 
puhliahed. 

Phhtocene  Period. 

Eautd  Bmthes, — At  tlie  mouth  of  the  River  Thames,  near 
Auckland,  there  is  a  raised  heach  some  10  or  12  feet  ii:  height 
containing  njarine  sheila*,  and  at  the  Nortt  Head  of  Miiiiukflu 
Harbour  a  well-cut  beach -terrace  is  seen  at  about  the  same 
altitude  t. 

Below  the  town  of  Tauraiiga  there  ia  a  raised  beach  aboat 
25  feet  above  the  sea.  Beach- terraces  are  phnnly  seen  at  Hi(!k*s 
Boy  near  the  East  Cape  \  but  I  have  never  landed  lo  examine 
them.  At  Tarandki  Dr.  Hector  has  described  rieiHtoceiie  deposits 
with  recent  marine  shJlla  at  150  feet  above  the  seat.  Beach- 
terraoes  occur  alao  near  W  ellington  :  and  Mr.  M'^Kay  describes  them 
as  much  more  than  200  feet  high  near  Cape  Palliser,  in  V<yoV% 
Straits  §.  On  the  west  coast  of  the  tkiuth  Island  Dr.  Hector 
jiicntiona  comparatiTely  recent  beach- terraces  extending  to  more 
thim  220  feet  above  the  eoa  [|,  and  Mr.  Dobeon  has  estimated  theie 
terraces  at  400  feet  %,  At  Anniri  Eluff  there  are  three  terraoes, 
and  Mr.  M^^Kay  obtained  recent  marine  ehells  from  the  highest* 
which,  he  says,  is  500  feet  above  the  sea**.  Thefle  three  terracei 
ari3  also  seen  a  Uttle  further  south,  at  the  mouth  of  the  river  Conway- 
At  Motannan,  in  N.  Canterbury,  a  raised  beach  with  marine  sbelk 
goes  to  a  height  of  ]  50  feet  above  the  sea.  A  de|>«:ksit  of  fine  silt 
occurs  alon^  the  east  coast  of  Canterbury  and  (Hugo  from  Banjo's 
Peninsula  to  Moeraki.  At  ita  base  it  is  stratified,  fret|ueiitly  with 
layers  of  gravel,  but  its  upper  portions  are  unstratified.  At  Timaru 
it  (sontaine  a  few  marine  shells  ft.  At  Gam  am  the  gravels  at  its  base 
contain  large  numhors  of  recent  marine  shells  JJ,  and  the  Ti^^"^ 
parts  have  yielded  Moa-lKpnesj  and  the  skiill  of  a  \m\:;Q  S^  nt 

{Morimga  flephanfimi).     This  eilt  goes  to  a  height  of  "  in 

Banks's  Feninstila  §§,  and  to  500  or  600  feet  at  Oamariii!||.  Alw>  th«« 
entrance  to  the  West-coast  Sounds  are  terraced  to  an  estimated  height 
of  800  feet 

If  we  plot  these   heights   and   distances  to   scale  it  appears 


*  Bep.  Gfol.  Surv.  18€»8-69,  p.  22. 

♦  "Ri^n    ni>nl    Stinr     iKfUUT    n    Ti 


11.  n,  U 
I  Bep.  GeoL  Surv.  1873^-9.  p.  SL 
^  Tmns,  N.  Z.  Ijist,  vii.  ji.  iU, 


Xt  Geology  of  OtAgo>  p.  70. 


II  Eep.  GcoL  Surv.  18(i(>-7.  p.  'M 

♦♦  Rep.  Geol.  Siirr.  1874-6,  p.  177. 

t+  M*^Kny.  Rep.  Geol  Surv.  J  876-7,  p.  49. 

§5  Hwitit,  Trans.  N.  Z.  luEt.  \l  p.  423. 

\i  II  Thf  marine  urifrin  of  thia  deposit  is,  however,  diiputcd.  Dr.  ron  Haaft 
Cori»iderB  it  lo  be  land  IcisB,  See  GeoL  Caaterburj,  p.  367,  liod  Tttitm.  N.  Z. 
Inat.  xy.  p.  411, 
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as  if  the  rise  were  tolerably  .regular  from  Auckland  to  Banks's 
Peninsula ;  but  we  must  remember  that  the  observations  are  still 
very  imperfect ;  indeed  I  believe  that  the  sea  stood  much  higher 
than  800  feet  in  Canterbury  *,  The  remarkable  river-terraces  found 
throughout  the  South  Islaiid  and  the  southern  and  central  portions 
of  the  North  Island  furnish  collateral  proof  of  elevation.  They  do 
not  occur  in  the  north  part  of  New  Zealand,  where  also  there  are  no 
raised  beaches. 

PecU-mosaes. — Several  ancient  peat-mosses  have  been  examined  in 
the  South  Island,  such  as  those  of  Waikouaiti  and  Hamilton  in 
Otago,  and  Glenmark  in  Canterbury.  They  appear  to  be  very 
similar  in  character,  and  I  take  the  one  at  Hamilton  as  an  example, 
as  I  explored  it  myself  f.  This  was  a  small  dry  basin,  about  50  feet 
in  diameter  and  from  5  to  6  feet  deep  in  the  deepest  part,  excavated 
out  of  a  bed  of  clay.  This  small  basin  was  filled  with  peat  and  bones 
inextricably  mixed  and  forming  a  compact  layer  from  two  to  four 
feet  thick,  and  before  being  disturbed  its  suiface  was  rather  higher 
than  the  surrounding  country,  which  was  quite  flat  for  a  distance  of 
200  yards.  Out  of  the  small  hole  there  were  taken  about  7  tons 
weight  of  Moa-bones,  more  than  half  of  them  quite  rotten,  the 
remains  of  at  least  400  birds  %,  A  great  quantity  of  quartz  gravel 
occurred  among  the  bones,  some  of  the  stones  going  up  to  one  or 
two  pounds,  and  one  piece  of  rock  weighed  between  10  and  12 
pounds.  Probably  this  bog  was  but  the  remains  of  a  much  larger 
one.  Besides  Moa-bones  there  were  found  abundant  remains  of 
CnemiomiSf  and  a  few  bones  of  Harpagomis  and  Apteryx^  as  well 
as  a  number  of  small  birds  not  yet  determined :  also  several  bones 
of  Sphenodon  punctatum.  The  bones  were  not  waterwom,  neither 
were  they  broken.  I  collected  from  the  peat  the  follovnng  land- 
and  fresh- water  sheUs: — Thalama  olmuhila,  Eeeve,  and  Limncea 
l^tosomay  Hutton.  The  former  is  now  common  near  Dunedin, 
but  requires  damp  bush  to  live  in.  The  latter  is  not  now  known 
in  the  South  Island,  but  is  found  near  Wellington. 

DUuvial  Epoch. — ^The  MoUusca  of  the  north  of  New  Zealand 
differ  suf&oiently  from  those  of  the  south  to  make  any  migration 
which  might  take  place  in  either  direction  easily  distinguishable  §. 
But  neither  in  the  Wanganui  System  nor  in  the  raised  beaches  is 
there  any  trace  of  a  northerly  migration.  Neither  are  there  any 
signs  of  a  Pleistocene  glaciation  of  New  Zealand  greater  than  at 
present.  Consequently  there  is  no  evidence  to  show  that  the  high 
eccentricity  of  the  earth's  orbit  that  prevailed  in  Pleistocene  times 
produced  a  Glacial  epoch  here.  But  there  are  several  facts  which 
appear  to  support  the  view  that  this  high  eccentricity  produced  a 
dilnvial  epoch  by  causing  greater  winter  snowfall  and  greater 
summer  floods. 

»  Tnm.  N.  Z.  Intt  xri.  p.  449. 
t  8«e  Booth  in  Trans.  N.  Z.  Inst.  vii.  p.  123. 

I  Dr.  Ton  Haast  thinks  that  at  least   1000  birds  were    imbedded  in  the 
OlenmArkbog. 
{  Trans.  N.  Z.  Inst  viiL  p.  383. 
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In  the  first  place  the  occurrence  of  the  bontiS  of  Aptenjx,  as  well 
ad  those  of  the  wator-loving  SpJifnodon  and  tHo  land  shell  Thdama 
ehnuhilii,  with  bones  of  the  Moa  at  Hamilton,  prove  that  the  dry, 
treeless,  int-crior  region  of  Otago  was  at  that  time  eorered  with 
forest ;  and  this  is  corroborated  by  aorae  of  the  trunks  of  the  trees 
themscivej^  Btill  lying  on  the  sides  of  the  mountains.  Secondly  tbe 
extraordinars'  agglomeration  of  Mos*bone8  in  the  peat-mossea  at 
OlenmQrk,  Hamilton,  and  other  localities,  where  hardly  even  two 
toe-bones  were  found  in  their  proper  places,  can  only  be  accoonted 
for  by  «iippoaing  that  heavy  Hoods  swept  these  bonos  up  and 
deposited  them  in  the  low  ground.  And  thirdly,  the  silt  of  Northern 
Otdgo  and  Caaterbury,  uflually  anfossiliferoiia  but  sometimes  con- 
taining Moa-bones  and  only  stratified  at  its  base,  seems  to  imply 
heavy  and  often  recurring  floods  washing  away  the  fine  mad  left  by 
the  retreat  of  the  glaciera  during  iubsidence  and  its  rapid  deposition 
in  the  setu 

Recent  Period. 

It  ia  only  in  teolian  or  fluviatOe  deposits  of  this  age  that  we  find 
traces  of  man.  Sand  dunea  arc  well  developed  in  many  places  round 
the  coasts  of  Kew  Zealand,  Between  Miinukau  Harbour  and  Port 
Waikato  they  Ibrm  hills  500  or  600  feet  in  height,  the  sands  being 
often  cemented  int^  hard  rock  by  iron^jxide  derived  from  the  black 
iron-sand. 

A  very  complete  list  of  the  localities  where  Moa-bones  have  been 
found,  whether  in  peat-raossea,  sand-dunes,  or  cave«,  has  been  given 
by  Mr*  C,  Smith  *;  to  which  I  can  add  nothing  of  importance.  No 
less  than  eighteen  species  of  Dinornh  have  been  found,  all  of  which 
have  been  described,  more  or  lessfullvt  by  Sir  R.  Owen.  Of  tho«e, 
five  are  recorded  from  the  North  Island  only,  and  nine  from  the 
South  laland  only ;  while  four  are  common  to  both  islands.  The 
following  table  ahows  their  distribution,  I  have  divided  them  into 
four  aubgcnera, 

Diitribution  of  the  Species  of  DinomiB. 


Sabgetiufl. 


North  Inland 


Mov]A  (Reioben- 
bach). 


;  SraR?(iB(Eeicben- 

Palaitkryx 
(Owen). 


Cbla     (Beichen*  D.  g^^t^noides. 
bach),  I  D,  curtus. 


P.  giganteut. 
D.  gradlis. 


D,  didiformi». 


Both  lalands. 


B,  Jngens. 

D.  struthioideft. 


D.  cjiAuarinuB, 
D.  dromioidefl. 


South  WmuL 


D.  maxim  uf. 
D.  altua. 
D.  robu«tii& 


B,  rheidfss. 
D.  Huitouii. 

J>.  el^phAntopoi^ 
B.  emmtt, 
B.  graTi& 


P.  pygm^ot. 


•  Geological  Magajfiino,  ler.  3,  roL  i,  p,  129  (1884). 
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Ebtjptivk  Eocks. 

The  oldest  of  our  eruptive  rocks  are  found  in  the  Manapo^ri 
System  at  the  West-Coast  Sounds,  in  the  form  of  dykes  of  white 
granite,  minette,  eurite,  &c.  They  do  not  penetrate  any  higher,  and 
no  eruptive  rocks  hate  yet  been  noticed  belonging  to  the  TdJcaka 
System. 

Maitai  System, — The  pink  granite  found  at  Preservation  Inlet,  as 
veil  as  the  granites  along  the  ge-anticlinal  axis  through  Westland 
and  Nelson,  have  penetrated  some  of  the  rocks  of  the  Maitai  System, 
but  are  found  as  rolled  fragments  in  the  rocks  of  the  Kaihiku  Series 
at  the  base  of  the  Hokanui  System*.  Their  eruption  therefore  must 
have  taken  place  some  time  during  the  deposition  of  the  Maitai 
System,  and  they  are  probably  contemporaneous  with  the  dykes  of 
syenite,  diorite,  olivine  rocks,  and  serpentines  as  well  as  the  green- 
stone ashes  found  in  various  localities  in  the  Maitai  System. 

Hokanui  System, — There  is  evidence  of  eruptive  rocks  belonging 
to  this  date  near  the  Hurinui  Plains,  where  the  river  Mandamus 
cuts  through  a  volcanic  region  in  which  ash-beds  and  lava-streams 
are  interbedded  with  slates  containing  remains  of  plants  f. 

Watpara  System, — In  the  South  Island  extensive  eruptions  of 
white  or  light-coloured  quartz-rhyolites  and  dolerites,  the  latter 
now  often  altered  into  melaphyres,  took  place  along  the  western 
margin  of  the  Canterbury  plains  at  the  Malvern  Hills,  Alford  Forest, 
Mt.  Somers,  and  Gawler  Downs,  during  the  deposition  of  the  older 
rocks  belonging  to  this  system  t-  Quartz-rhyolites  of  the  same 
character  form  the  base  of  the  western  portion  of  Banks's  Peninsula, 
but  the  rest  of  this  volcanic  system  is  of  later  date.  On  the  west  coast 
of  the  South  Island  basic  volcanic  rocks  occur  at  Paringa  and  other 
places  south  of  Bruce  Bay,  which  may  belong  to  the  Waipara  System 
or  to  the  next  §.  In  the  North  Island  volcanic  rocks,  said  to  be  of 
this  age,  occur  on  the  east  coast  of  Wellington,  at  Bed  Island,  south 
of  Cape  Kidnappers  II,  and  perhaps  near  Castle  Point  %. 

Oamani  System, — In  the  South  Island  basaltic  rocks  are  inter- 
bedded with  sedimentary  rocks  of  this  system  at  Oamaru  Cape**; 
atCulverden,  and  at  Pahauft  on  the  north  side  of  the  Hurinui  Plains. 
In  the  Trelissiok  basin  on  the  Waimakariri,  beds  of  volcanic  tuff 
overUe  and  underlie  a  limestone  considered  to  be  the  equivalent  of 
the  Ototara  stone  J  J.  At  Limestone  Bluff  and  at  the  Two  Brothers, 
on  the  south  branch  of  the  Biver  Ashburton,  a  "  Palagonite  tuff"  §§ 

*  Cox,  Bep.  Geol.  Surv.  1877-78,  p.  47. 

t  Hfuwt,  Bep.  G«ol.  Surv.  1870-71.  p.  46,  and  Hutton.  Bep.  Geol.  Surv. 
1873-74,  p.  34. 

t  Haast,  Bep.  GeoL  Surv.  1871-72,  p.  12,  and  /.  c.  1873-74,  p.  7  ;  Hutton, 
Bep.  Geol.  Surv.  1873-74.  p.  40 ;  Daintree,  Trans.  N.  Z.  Institute,  yii.  p  468. 

I  Cox,  Bep.  Geol.  Surv.  1874-76,  p.  8;  Haast,  GeoL  Canterbury,  p.  302. 

I  M'Kay,  Bep.  Geol.  Surv.  1874-76,  p.  45.  , 

If  M'Kay,  I.  e.  1874-76,  p.  69.  **  Geology  of  Otogo,  p.  66. 

ft  Bep.  Geol.  Suit.  1873-74,  p.  46. 

2M»Kay.  Bep.  Geol.  Surv.  1879-80,  p.  60. 
Haast,  Geology  of  Canterbury,  p.  313. 
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oi^eur.^.  wiiich,  whilf  n^^rot  ingr  well  in  ultimate  analTBis  with  specimeni 
nhtaini^d  in  oflii-r  countries;,  d^)es  Dot  contain  any  pabgonitcr  nsiUo 
to  the  TtJiked  (yv. 

Thf  liTirlcsiteRi  und  tr:ich\tei3  formiu^  the  ceotrc  of  the  puutjdiji 
YHplcanic  Ry>ti.'tii  are  interbeddo^l  in  tht^  |>C'iiln.suk  with  sedimentary 
r^ckfl,  pnihaldy  i>f  tUi^  acre  ;  hut  the  latter  tTiiptions  uf  hesAaltic  rockE 
whif^h  Hiirrounrl  the  rindi^iter*  m^y  h<.4on|;  to  the  P:ire<Sra  System  . 
AerordlTif,^  to  Dr,  von  Raii^t,  the  rt^ults  of  whijse  extensile  re- 
^rarchc^  on  the  structure  uf  IknksV  l*eninsula+  I  can  in  ^reat  pait 
conlirni,thiTr^huvr  hem  here,  in  ridditioD  to  thi-  quartz-rhyoUt^  of  the 
Wjiipuni  System  fdreadv  inentiont-d,  three  fM-rit><ig  of  attivity.  Totlie 
fiiM  otthew  bf'Imitr  the'cMldera  nf  Lvttelton,  Lktle  Rivet,  and  Akarda* 
In  wliieh  the  hivii-rio\^  h  are  ehi- fiy  :iugite-[mdesites  t  and  occasionally 
tmehytCB.  Tin:  dyke-?  are  ehietfy  traehytes,  hut  oecasionally  angit^  . 
nndesites.und  at  leui^t  onein  Thynlite  §.  '  To  the  &ec*>nd  f^eriod  kdong 
Mt.  Herbert  nnd  Mt.  Sinclair^  which  are  formed  of  aiidesit**,  biii 
without  anv  visih]^'  *hkr^.  T'l  the  third  i>eriod  belongs  only  QW 
l;,hind  in  Lyttr]ton  Harbf.ur,  uIm*  rumpuMd  of  atldo^^ites  irith  dykes 
ufirrifhyti' J?).  ITie  first  and  second  of  tht>5e  periods  of  eraptipn 
Jire  quite  eridt  nt.  find  bi^tli  ay^jujir  to  have  he^n  enlirely  snWrial 
ill  chnriirtitr.  There  does  noi,  however,  socm  to  ht^  any  mean*  d 
diHlin^-fii^hin^Mhe  third  from  the  sectmd  pericwl,  and  it  is  compara- 
tively Jii^^i-nifiranL  The  quHrtz-rhyolitea  had  suffen^^  m^veiely 
ftnin  dtriudiitirm,  and  thiek  beds  of  sandstone  had  been  formed  by 
their  disintef^rsitifm,  lief  ore  the  more  basic  oniptioiia  took  plaoft; 
enUHefjnently  wo  may  consider  these  ktter  as  younger  thflJi  th^ 
Wiif|i:irii  System,  On  the  other  hjind  the  whole  have  offered  tco 
Ti ! nr h  froni  denudation  to  ;illow  us  to  put  any  of  them  later  thaB 
the  Tarc'ira  System  :  nnd  an  hrdli  periods  of  eruption  were  suhaerial, 
we  have  the  inttn'fil  liotween  the  Waipara  and  Uamani  Systems  ar 
tliat  between  tbf^  fKiuiuru  and  Tart^'^rft  Systems  to  choose  between. 
I  think  it  pro]iu).h:>  that  the  ealderas  of  Lyttclton  and  Akarini  belong 
to  the  t^amarii  Syjitem,  hut  ift.  Herbert  may  belong  to  the  Paie<5m 
Hy.^tem, 

'ill  the  Xorth  Ivland  tlie  trsjcliyto.^ (?)  of  Hick's  Bay,  near tJw 
Kast  ('ape,  are  diHtinutly  overlain  by  beds  of  the  Tawhiti  Seri»lli 
find  tljey  njuy  therefore  belong  to  the  Oamaru  Spt«m. 

Pttrtura  t^ifSt^tti, — In  the  SiHith  Inland  baaalti  and  basaltlD  tuft 
arr-  interbedded  witli  rocks  of  this  system  at  Mt.  Cook»on»  narthol 
the  Hurinui  plain ».  The  baaalts  ofMoeraki  Peninsula  are  elearij^ 
peen  to  overlie  a  Pareora  elay  (tlie  Onckakara  clay  of  ManteH  f  )i 
j*nd  n.H  they  have  undergone  great  denudation,  we  ctmnot  put  tlseffl 
itdo  the  Wanganui  Sywtcm,     Tlie  volcanic  rocks  of  Timani  may  al«^ 

*  GBologT  of  Otii,g:o.  p.  5^, 

t  Gi^obgj'  of  DvTittrbuo'  and  Westland,  p.  524.  and  Tmne,  X.  Z.  lotfiHtfi^ 

J  For  the  knowledge  that  tfiese  rocta  are  aiidosito*  I  am  isddbUsd  to  rwf. 
G.  H.  F.  Ulrioh,  who  has  examined  them  microaoopically. 

8  UWoh.  I  Oox.  Rep.  Geol.  Burr.  1876-77.  p^  Hi 

%  Geology  of  Otago,  p.  61. 
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perhaps  be  placed  here.  No  trace  of  a  scoria-cone  nor  of  a  tuff-crater 
exists  anywhere  in  the  South  Island ;  all  the  volcanic  rocks,  even 
Banks's  Peninsula,  which  is  3000  feet  high^  appear  to  have  suffered 
from  marine  denudation. 

In  the  North  Island  volcanic  ash  beds  and  andesitio  breccias  are 
found  associated  with  the  Waitemdta  Series  near  Auckland ;  and  the 
trachytes  (?)  of  Whangarei,  the  Great  Barrier  Island,  and  Coro- 
mandel  are  no  doubt  of  the  same  age.  Fossil  wood  of  Podocarpium 
dacrydioides^  Ung.,  was  obtained  by  Dr.  Hochstetter  from  the  tra- 
chyte tuffs  of  both  the  Great  Barrier  and  Coromandel ;  and  from  the 
mach  decomposed  basaltic  rocks  behind  Drury  he  obtained  wood  of 
Nieolia  zeJandica,  Ung.,  which  was  also  found  in  the  Pare6ra  gravels 
of  Moutere  Hills  near  Nelson.  On  the  Great  Barrier  Island  the 
trachytic  cone  of  Ahumdta,  1500  feet  high,  still  retains  a  weU-marked 
tuff  crater  *,  as  also  does  Arid  Island  t. 

The  andesites  J,  and  gold-bearing  propylites  (?)  of  the  Thames  may 
be  of  the  same  age,  or  they  may  possibly  date  back  to  the  Oamaru 
System ;  but  we  have  no  evidence  that  any  andesites  in  New  Zealand 
are  older  than  the  Oamaru  System  §.  A  piece  of  carbonized  wood 
impr^nated  with  iron  pyrites,  but  showing  plainly  annual  rings  of 
growth,  was  obtained  from  the  gold-bearing  propylites  in  the  "  Maid 
of  England  "  claim  ||. 

WangawLii  System, — There  is  no  trace  of  volcanic  action  having 
taken  place  in  tihe  South  Island  during  this  period  or  later ;  but  in 
the  North  Island,  on  the  western  side  of  the  main  range,  volcanic 
eruptions  on  a  large  scale  occurred  from  the  commencement  of  the 
Pare6ra  and  are  even  now  not  quite  over.  At  Mt.  Egmont  in 
Taranaki  the  first  eruptions,  perhaps  of  Pareora  date,  were  trachytes 
containing  (according  to  Zirkel)  both  sanidine  and  oligoclase,  and 
are  much  like  some  of  the  rocks  of  Banks's  Peninsula.  These  were 
succeeded  by  dolerites  and  basalts.  The  bases  of  Ruapdhu  and  of 
ToDgariro  also  appear  to  consist  of  trachytes,  but  here  the  later 
eruptions  have  been  dark-coloured  rhyolites  and  pumice.  These 
siliceous  eruptions  appear  to  have  commenced  during  the  formation 
of  the  upper  part  of  the  Wanganui  System  (Kereru  Series),  for  no 
pumice  occurs  in  the  lower  beds.  Rhyolites  are  extensively  developed 
round  Lake  Taupo,  and  in  the  Hot- spring  district.  In  the  vaUoy 
of  the  Thames  it  appears  that  they  are  of  later  date  than  the 
dolerites  (?  augite-andesites)  of  Cape  Colville  peninsula  %.  Around 
Auckland  and  at  the  Bay  of  Islands  basalts  were  the  only  lavas 
erupted. 

♦  Eep.  Geol.  Surv.  1868-69,  p.  6. 

t  Tranfl.  N.  Z.  Inst.  i.  p.  164,  new  ed.  p.  108. 

{  1  am  indebted  to  Prof.  Ulrich  for  the  information  that  the  rooks  called  by 
me  doleritee.  in  Bep.  GeoL  Surr.  1868-69,  p.  20,  are  typical  augite-andedtes 
According  to  Dr.  Hector  th^  contain  oUvine  (Gkol.  Bep.  1868-^9,  p.  42,  no.  ix.); 
I  saw  none  myself. 

$  See  "^  On  the  Geological  Structure  of  the  Thames  Goldfieldfl,**  in  Trans. 
H.  Z.  Inst  Ti.  p.  272 ;  and  Oox,  Rep.  GeoL  Surv.  1882,  p  4. 

I  Eep.  GeoL  Surv.  1868-69,  p.  44. 

i  Cox,  Rep.  GeoL  Surv.  1883,  p.  20. 
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In  the  ttLngbbourliood  of  Auckland  many  Bcoria-cones  with  well- 
pre  served  cratDra  occur  at  verj'  slight  elevations  above  the  sea* 
These  are  younger  than  the  clays  belonging  to  the  Waugan4i  System 
round  Maiiukau  Harbour,  and  have  never  undergone  marine  denu- 
dation ;  but  some  of  the  tufF-c raters,  such  as  Lake  Pupukt  oa  the 
north  shore,  are  of  submarine  ong:in* 

Obsidian  occurs  in  many  plaeea  and  is  particularly  pleatiful  on 
llayor  Island  in  the  Bay  of  Pienty,  Perlite  is  found  in  the  Hot- 
eprings  district;  and  a  finely  biniiiiated  rhyolite,  called  lithoidite 
by  Ilichthofen,  is  found  at  Totara  on  the  east  shore  of  L;ike  Taupo  *. 
Tachylyte  occurs  but  rarely.  We  have  no  glassy  basaltic  hn- 
Btreama,  as  in  the  t^andwich  Islandii  and  Friendly  Islands,  Leucite 
has  boon  found  in  a  basalt  of  uncertain  age  near  Castle  Point  on  the 
east  coa^t  of  Wellington  t,  Anorthite  occurs  in  the  volcanic  rocks 
of  Campbell  Island  i,  but  the  age  of  these  also  is  unknown.  The 
only  active  volcano  in  New  Zealand  is  Tongariro,  and  its  emptions 
are  feeble.  Whit«  Island,  in  the  Bay  of  Plenty^  appears  to  be  in 
tbe  Bolfatara  stage.  It  has  never  been  known  in  ornption»  und 
there  is  no  appearance  of  recent  lava-streams  §, 

Two  interesting  sections  of  volcam>c:j  occur  in  the  sea-cliffa  of  th« 
North  Island.  I  described  the  one  on  the  west  eoast,  between 
Port  Waikato  and  Raglan,  some  years  ago  |1.  The  other,  which  *« 
situated  at  the  west  head  of  Tamaki  liiver,  near  Auckland,  I  have 
the  late  Mr,  Heaphy*8  authority  for  saying  is  the  same  as  the  oae 
figured  by  liim^f.  and  copied  into  the  works  of  Scrope  and  Judd*** 
This  is  the  only  crater  near  Auckland  that  is  cut  completely 
through  by  a  sea  cliff;  and  I  rjuitc  agree  irith  Dr.  Hochstetter  that 
it  19  a  tuif-crater  only,  without  any  lava-stream  ft, 

Dktrihution  of  Volcanic  Eocks  in  thf  Nortfi  fsland. 

I  have  already  pointed  out  that,  judging  from  the  relative  porftiou 
of  the  Maitai  and  Hokaniii  Sysk^ms,  it  is  probable  that  tbe  ^e-HJiti- 
clinal  of  New  Zealand  passes  through  the  centre  of  the  North 
Island  from  Wanganiii  to  the  Bay  of  Plenty,  If  now  we  draw  a 
lino  parallel  to  this  axis  from  Mt.  Egraout,  through  the  Kaiioi  at 
Eaglan,  and  on  to  ^fercury  Bay  in  the  CoromaTidel  peninsula,  we 
tind  thiit  to  the  north-west  of  this  line  the  intermediate  rocks  bare 
boen  followed  l>y  basic  rocks  (none  of  which  are  known  south-east 
of  the  line)  without  any  acidic  rocks.  On  the  ge*- anticlinal  it»elf, 
from  lliia])ehu  to  the  Bay  of  Plenty,  the  intermediate  rocks  art 
followed  by  acidic  rocks  without  any  traces  of  basic  rocks.  To 
the  east  of  the  axis  basic  rocks  occur  again  on  the  east  ooa^t  at 

*  Hoohstett^r.  'Eeiw  der  Novara.*  Geol  i.  p,  113. 
t  Cbloiiial'Mufteuiii  Laborntorv  Et-ports,  x.  p.  48. 
J  Filhul,  Comptes  Ri^ndua,  Feb.  1881*. 

I  Edwin,  Trans.  N.  Z.  Inst,  i.  p.  57  {new  cd.  p.  463) ;  Hedtor.  l^Wli>  ^^  ^ 
Inst.  ill.  p.  27 -S. 

fl  Quart.  Juurn.  Gw>i  Sec.  xxw  p.  13. 

^  Quart.  Joiirn.  Geol.  &cki.  xti.  p.  ^42,  *•  VuhamoeA,  p.  165.  f^W* 

tt  *Beifie  der  Novum,*  Geology,  i.  p.  176,  no.  28,  Jind  Map. 
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Wellington ;  but  these  are  thought  to  be  older.  I  have  mentioned 
that  a  line  of  granite  exposures  occurs  along  the  ge-antiolinal 
axis  in  the  South  Island,  from  Paringa  to  Separation  Point  in 
Nelson;  and  the  question  naturally  suggests  itself,  Are  these 
riijolites  of  the  North  Island  derived  from  a  northerly  extension 
of  the  granite  zone  of  the  South  Island  ?  It  seems  possible  that 
granitic  rooks  may  be  nearer  the  surface  here  than  they  are  in 
the  northern  parts  of  the  province  of  Auckland,  and  this  may  account 
for  the  eruption  of  rhyoUtes  only  in  the  centre  of  the  North  Island. 
They  may  be  merely  a  rSchauffee  of  Maitai  granites  of  the 
northern  part  of  the  g&-anticlinal. 

Hot  SpRnres. 

In  the  South  Island  hot  springs  are  known  only  in  two  places, 
one  in  the  Hanmer  plains,  Amiiri  county,  and  the  other  near  Lake 
Somner,  about  40  miles  S.W.  of  the  jBrst.  In  the  North  Island 
there  is  only  one  hot  spring  east  of  the  main  range  ;  it  is  near 
Waiapu,  in  the  East  Cape  district.  But  west  of  the  main  range  they 
are  very  numerous ;  all  the  more  important  ones  lie  in  a  broad 
band  along  the  axis  of  the  ge-anticlinal,  from  the  base  of  Tongariro, 
through  Lake  Taupo  and  the  upper  Waikato,  to  Lake  Eotomahdna 
and  Lake  Botorua,  forming  one  of  the  most  wonderful  regions  in 
the  world.  Dr.  Hocbstetter  distinguishes  three  parallel  lines 
of  springs ;  but  it  requires  some  determination  in  the  tracing  of 
lines  to  make  this  out.  North  of  this  region  the  hot  springs  are 
isolated.  They  occur  at  Pupunui  on  the  Thames,  near  Lake 
Whangape  in  the  Lower  Waikato,  at  Waiwera  near  Auckland,  at 
Mahurangi,  also  near  the  Bay  of  Islands,  and  on  the  Great  Barrier 
Island.  Geysers,  solfataras,  fumaroles,  mud-volcanoes,  and  springs 
depositing  sUiceous  sinter  are  confined  to  the  central  rhyolitic  region 
of  the  North  Island. 

The  best  description  of  the  hot-spring  region  will  be  found  in 
Dr.  Hochstetter's  works.  The  Rev.  R.  Abbay  has  given  a  very  clear 
explanation  of  the  formation  of  our  sinter  terraces  *.  Accounts  of 
the  mineral  waters  have  been  given  by  Mr.  Skeyt  and  by  Dr.  Hector  $. 

MunsRALs. 

An  exhaustive  list  of  all  the  minerals  hitherto  found  in  New 
Zealand  has  been  given  by  Mr.  S.  H.  Cox§.  Among  the  more 
interesting  are  platiridium,  osmium-indium,  hessite,  sapphire, 
Bpmel  ruby,  emerald,  tridymite,  nephrite,  and  kyanite.  No 
diamond  has  as  yet  been  found,  A  curious  jet-like  mineral  occurs 
in  veins,  or  lining  veins,  in  sandstones  belonging  to  the  Wanganui 
System  at  One- tree  Point,  on  the  west  side  of  Whangarei  Harbour  ||. 
Gold  occurs  in  the  Tdkaka  System  and  in  the  Maitai  System,  where 

*  Quart  Joum.  Qeol,  Soo.  xxxir.  p.  170.    For  an  aooount  of  the  shape  of 
the  basin  and  pipe  of  Te  Tarata,  see  Trans.  N.  Z.  Inst  i.  p.  162  (new  ed.  p.  106). 
^  Tranfc.  N.  Z.  Inst,  x,  p.  243.  X  Handbook  of  New  Zealand,  1883. 

%  Trans.  N.  Z.  Inst  vols,  xiy.,  xv.,  and  xvi. 
1  Trans.  N.  Z.',Inst.  ui.  p.  250. 
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penetrated  hj  Plutonic  rocka.  It  is  also  found,  witli  severa 
metals,  in  the  Tertiary  andesites  and  propylitea  of  tlie  Thai 
the  province  of  Aijckland.  Native  mercarj*  and  cinnabar  ar< 
deposited  at  the  present  time  by  hot  springs  near  the  ] 
Islands*.  Silver,  coppefj  antimooy,  lead*  and  zinc  ha\r. 
found  in  several  places,  and  hoMnatit^^  occurs  in  abunda 
Parapara,  near  Nelson,  in  rocke  belonging  to  the  T&kaka  Syai 
well  as  in  many  other  localities. 


BiSCtXBSIOIf. 

Mr.  Reditait  called  attention  to  some  beaches  on  the  em 
of  New  Zealand,  and  discussed  their  mode  of  formation*  Ol 
**  Ninety-mile  *'  Beach,  is  really  140  miles  long.  The  bo 
leeward  drift  ia  resultant  from  north  winds  prevailing  as  two 
over  south  winds. 

*  Trana.  N.  Z.  lurtitute,  iii.  p.  252. 
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24.  On  the  Graiotio  and  Schistoab  Rocks  of  Norther  Donegal. 
By  C.  Callaway,  Esq.,  D.Sc.,  F.G.S.    (Read  March  11, 1885.) 

COMTENTS. 

I.  The  Granite. 

1.  State  of  preyiouB  Opinion. 

2.  Tht  Granite  Promontory. 

3.  Relations  between  the  Granite  and  the  acljaoent  Schists. 

Section  in  Bamesbeg  Gap. 

Section  on  Louffh  Greenan. 

Section  south  of  Creeslough. 

Section  north  of  Dunlewy  Church. 

Ground  round  Bunbeg. 

Granite  of  Dunaff  Head  and  Malin  Head. 

4.  The  Foliation  in  the  Granite. 

Arguments  for  the  Metamorphio  Origin  of  the  Granite. 
Objections  to  the  Metamorpnic  Hypothesis. 
Poiisible  Explanations  of  the  Gneissic  Structure. 

II.  The  Schistose  Bocks. 

Section  from  Londondenr  to  Dnnaff  Head. 

Drumahoe  Quarry,  Londonderry,  Cashel  Hill,  Shore  north  of 
Fahan,  Buncrana  Bay  to  Ballynarry  Bay,  Ballynarry  Bay  to 
DunafT  Head. 
Section  from  Malin  to  Malin  Head. 
Section  between  Croagh  and  Horn  Head. 
Section  irom  Punlewy  to  Bunbeg. 

HI.  Proof  of  Lateral  Thrust. 

In  my  paper  *  on  "  The  Age  of  the  Newer  Gneissic  Rocks  of  the 
Northern  Highlands,"  I  suggested  that  a  study  of  the  old  rocks  of 
Ireland  would  probably  aid  in  connecting  the  Scottish  types  with 
those  of  South  Britain ;  and,  in  the  summer  of  1884, 1  visited  the 
north  of  Ireland  to  ascertain  how  far  my  suspicion  was  justified  by 
the  facts.  As  Professor  Hull  had  announced  the  discovery  of 
Laurentian  gneiss  in  the  same  area,  I  included  the  relations  between 
this  group  and  the  schists  in  my  investigation.  A  continuance  of 
stormy  weather  prevented  the  completion  of  my  plans ;  but  I  ob- 
tained satisfekctory  proof  of  the  nature  and  relations  of  the  chief 
granitoid  mass,  and  collected  partial  material  for  the  study  of  the 
schistose  rocks.  As  the  result  of  a  month's  work,  I  came  to  the 
conclusion  that  the  schistose  rocks  of  Northern  Donegal  were  sepa- 
rable into  two  groups,  and  that  the  so-called  *'  Laurentian "  was 
merely  a  mass  of  granite  intrusive  in  the  older  of  them. 

The  President  (Professor  Bonney) ,  with  his  usual  kindness,  has 
examined  fifty-five  microscopic  sections  of  Irish  rocks,  and  he 
permits  me  to  use  at  my  discretion  the  rough  notes  which  he  has 
famished.  It  is  to  be  regretted  that  pressure  of  other  work  has 
prevented  him  from  undertaking  a  more  elaborate  investigation. 


*  Quart  Joum.  Geol.  Soc.  Aug.  1883,  p.  355. 
aJ.G.S.  No.  162. 
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L  The  Gbaiotb, 

1.  StA3^  of  PEE¥ioua  Opmioir, 


^ 


Mr.  E.  H.  Scott,  F.R.S .♦,  claims  a  metamorpMo  origm  fo 
rock, 

Mr,  E,  H*  filake  f  takes  the  same  view. 

In  a  subsequent  paper  J  Mr.  Seott  offers  a  theory  of  the 
of  the  granite.  He  eonaiders  that  aD  the  rocks  of  the  regsoB 
originally  stratified,  hut  that^  by  subsequent  metamorphism^ 
of  the  beds  were  altered  iato  granite,  some  into  guei&s,  and 
iato  other  kinds  of  rocks,  without  much  altering  the  rebtiTi 
tions  of  the  strata. 

The  Rev:  Br.  Haughtou,  F.R.8.§,  regarded  the  granites  ajs  *' 
stratified  and  not  intrusiTe,  and  therefore  varying  considera 
[Merent  localities  according  to  the  beds  from  which  they  havi 
formed  by  the  raetamorpbic  action/* 

Professor  Hall  ||  accepts  the  metamorphic  theory  of  the  g; 
but  regards  it  as  of  "  Laarentiaii ''  age ;  and  the  scluats  which 
it  on  the  e&at  and  west  are  referred  by  him  to  the  ""■  Lower  Siii 
the  structure  of  the  district  being,  in  his  view,  on  ihe  type 
Highlands  of  the  north-we^t  of  Scotland.  Iliis  writer  agrw 
previous  observers  that  the  granite  '^  contains  bc^ds  of  cry  a 
limestone,"'  and  th«t  it  is  "  foliated  and  bedded  ; ''  and  he  adi 
**  the  upper  beds  which  occur  along  the  south-eastern  m&i| 
largely  interstratified  with  homblendic  and  micaeeous  i 


2»  Tre  GiLSuNiTE  Promontory^ 

The  granite  appears  in  several  patches  io  Donegal*  Th 
area  is  a  squarisli  mass  sending  otf  from  its  north-eastern  ooi 
arm  or  promontory',  about  fourteen  miles  in  length,  and  in  I 
tapering  from  six  miles  to  three.  The  arm  strikea  nearly 
east,  I>isapij>earing  under  the  schist  near  tilen,  the  granit 
pears  in  Dunatf  Head,  and  again  in  Malin  Head.  These  oi 
patches  are  precisely  on  the  north-easterly  prolongation  of  tht 
of  the  promont<:»ry»  There  is  distinct  foliation  iti  the  promc 
but  I  am  not  aware  of  any  in  the  main  mass  or  in  the  ct 
pabt^hes  to  the  north-east.  This  promontory  wiU  ther^ara^ 
our  chief  attention. 


3.  Relations  bexweer  thb  (jRAFrrK  afd  thji  AUjAOEjnr  Bd 


The  evidence  for  the  sedimentary  origin  of  the  granite  I 
by  Prof.  Hull,  agreeing,  as  it  did,  with  the  observations  of  p 
observers,  left  me  in  little  doubt  that  I  should  find  the  old  gi 


*  iToum.  GeoL  Sue,  Dubl.  toL  ix,  p,  285. 
}  Report  Brit.  Ansoo.  186L 

§  Quoted  in  the  *  Memoirs  of  tho  Geological  Survey  of  IndAod 
p,  9)- 

il  Trana,  Buy.  Dubl  Soc.  eer*  2,  vol  L  {1882}. 


3d'(nR 
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Donegal.  The  revelation  made  by  the  rocks  themselves  was  both  a 
surprise  and  a  disappointment.  I  have  visited  Prof.  Hall's  most 
critical  sections,  and  some  districts  not  described  by  him. 

Fig.  1. — Section  in  Bamesheg  Oap  and  on  Lough  Oreenan. 

5.W. 


0.  Granite.  Ms.  Mioa-«chi0t 

L.  Limestone.  Es,  Hornblende-eohist. 

Section  in  Bamesheg  Oap  (fig.  1,  north-west  end). 

It  was  in  this  wild  ravine,  near  a  wooden  barrack  erected  for  a 
body  of  soldiers  appointed  to  protect  a  cottage  opposite,  that  I  first 
touched  the  granite.  The  rock  surfaces  on  each  side  were  well 
rounded  by  ice-action,  and  the  colouring  and  weathering  suggested 
some  bits  of  Hebridean  scenery  in  Scotland.  The  first  blow  of  the 
banmier  destroyed  my  preconceptions.  The  rock  was  grey  in  colour, 
uniform  in  texture,  consisting  of  a  well-crystallixed,  coarse-grained 
aggregate  of  quartz,  black  mica,  and  felspar,  mostly  orthodase. 
There  were  no  signs  of  bedding,  and,  but  for  a  roughly  linear 
arrangement  of  the  mica,  I  should  have  declared  I  had  before  me  as 
typical  a  granite  as  I  had  ever  seen. 

Towards  the  junction  with  the  schists  at  the  south-eastern  end 
of  the  Oap,  the  granite  grows  lighter  in  colour  and  less  coarse  in 
grain.  At  the  entrance  of  the  gorge  we  reach  the  important  part 
of  the  section.  Masses  of  schist  lie  between  masses  of  granite,  and 
at  a  hasty  glance  the  two  appear  to  be  interstratified.  I  first  came 
upon  a  thin  band  of  well-crystallized  mica-schist,  dipping  at  a 
moderate  angle  to  the  south-east,  with  granite  on  both  sides  of  it. 
A  httle  further  on,  I  reached  hornblende-schist,  the  hornblende 
(consisting  of  small  black  sparkling  crystals)  predominating  over  the 
quarts.  This  rock  at  first  was  rather  puzzling.  It  had  no  regular 
dip,  but  rose  vertically  like  a  dyke,  with  irregular  sides,  as  if  it 
bad  thickened  abruptly  downwards.  But  tlus  4iorite-like  mass  was 
distinctly  foliated,  and  I  at  first  thought  that  I  had  before  me  a 
case  of  pressure-foliation  in  an  igneous  rock.  The  foliation,  how- 
ever, was  not  parallel  to  either  of  the  margins  of  the  mass  or  at 
right  angles  to  the  direction  of  the  thrust  which  had  contorted 
the  region,  but  sloped  at  a  medium  angle  to  the  south-east,  in 
accordance  with  the  prevailing  dip  of  the  schists  outside  the  granite* 

b2 

Digitized  by  VjOOQ IC 


^ 


C,  OAIXAWAT  ON  TTIE  ORAJTITIC  AWD 


Orey  orthcMjlaso  granite  appeared  on  the  other  side  of  thij 
and  fifty  yarda  furtlier  on  1  came  to  a  second  mass  of  hon 
schiat,  succeeded  by  several  others  separated  from  each  o 
granite,  which  Boractimes  penetrated  the  schif^t^  in  vein! 
granite  between  the  fragments  of  schists  was  similar  to  the 
at  the  barrack,  but  was  less  coarsej  and  a  linear  arraiigc 
the  mica  was  not  apparent  in  it.  The  last  rock  seen  in  this 
was  a  glistening  mica^schist,  which  seemed  to  lie  onti 
granite » 

From  this  examination  it  appeared  to  me  perfectly  clea 
was  on  the  margin  of  a  masa  of  intrnsive  granite,  Tl 
homogeneous  in  texture  and  composition,  lay  between  i 
fragments  of  echist.  which  displayed  a  foliation-dip  to  lh< 
eaiiit.  The  mica- schist  being  very  lissile,  the  granite  had  ]i 
foliation-planer  ;  but  the  hornblende -schist  is  verj*  tough  ai 
paralivcly  non-fissOe,  so  that  the  planes  of  leaj^t  resistance  i 
bably  jointfl.  There  was  not  the  slighteBt  indication  of  a  me 
of  the  schist,  the  Unes  of  junction  being  t|uite  aharp,  I 
general  fusion  had  taken  place,  some  of  the  hornbicTide-scli 
have  undergt>ne  the  process ;  for  its  folijjt  ion -planes  end  j 
against  the  granite.  We  can  hardh'  believe,  however,  tha 
which  is  nearly  all  hornblende  eould  have  been  melt^  n 
highly  acidic  granite,  Tlie  foliatiou  in  the  granite  1  will 
further  on  ;  and  will  simply  remai'k  here  that,  on  the  meta 
hypothesis,  it  is  aingiilar  for  granite  in  mass  to  be  foliatw 
the  narrow  bands  between  the  schist-fragments  show  no 
fohntion. 

Sedition  on  Low/h  Greenan  (^g,  1,  south-oost  end,  p.  :22 

Leaving  the  Gap,  I  now  struck  to  the  nortb -east  along  thi 
elopes  of  the  granite  mass  of  Crockmore,  and  in  one  place  i 
beautiful  hand-speclmenii  shov^ing  the  contact  between  gra 
Bohist,  I  then  attacked  the  scaip  which  overhangs  the  pa 
south  end  of  Lough  Green  an.  The  lowest  ro^k  seen  was  hon 
schist,  with  a  moderate  SS.8.E.  dip,  overlain  by  a  lead-col ourei 
mica-schist.  We  next  come,  after  a  shoil  interval,  to  a 
blue  compact  limestone,  slightly  micaceous,  dipping  E,8.E^ 
under  hornblende -schist,  thei^e  strata  forming  the  steep  es4 
overlooking  the  south-eastern  side  of  Longh  Greenan,  ol 
surmounted  by  the  t|uartzites  and  associated  atrata  which 
the  steep  hills  overhanging  the  eastern  margin  of  Lough  6fl( 

Prof.  Hull  placid  an  unconformity  between  tho  lead-i 
Bchist  and  the  limestone,  assigning  the  former,  with  the  mi 
hornblende-schist,* to  the  Lanrentian,  and  the  limacrtone  aj 
ciated  rocks  to  the  Lower  iSiluritin.  There  is  certainly  a  dis< 
as  is  indicated  by  the  dips  in  my  section ;  but  such  local  ?! 
of  strike  occur  too  often  in  this  and  other  disturbed  r^ 
justify  so  important  an  inference.  The  strike  in  this  4 
little  farther  from  the  granite,  is  to  the  S*W*,  and  thei^ 
agreeing  with  either  of  the  fttrikes  in  the  section^ ! 
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with  the  trend  of  the  sohist  within  the  granite  of  Bamesbeg  Gap. 
The  lithological  eyidence  is  decidedly  against  the  creation  of  two 
formations.  The  hornblende-schist  of  the  so-called  Lanrentian  is 
specifically  the  same  as  that  above  the  limestone,  and  cannot  be 
dutiogoished  in  hand-specimens  from  rocks  on  the  other  side  of  the 
granite,  near  Creeslongh,  which  are  placed  by  Prof.  Hull  in  the 
Lower  Silurian.  The  lead-coloured  schist,  too,  may  be  matched 
over  and  over  again  in  the  supposed  newer  series  on  both  sides  of 
the  granite  promontory.  It  should  also  be  observed  that  these 
schists,  homblendic  and  micaceous,  are  fine-grained  and  thin-bedded, 
thus  differing  widely  from  the  massive  gneisses  of  the  Lanrentian, 
whether  in  Scotland,  the  Malvern  Hills,  or  the  Wrekin.  On  the 
whole,  I  can  see  no  reason  of  any  serious  weight  for  separating  the 
schists  in  or  near  the  granite  from  the  ordinary  schistose  rocks  of 
the  region. 

Fig.  2. — Section  West  of  Croagh, 

N.W.  SB. 


Section  west  of  Croagh  (fig.  2). 

Coming  to  the  western  side  of  the  granite  promontory,  we  find  a 
second  junction  between  the  granite  and  the  schists  on  the  main 
rood  west  of  Croagh  Hill.  The  breadth  of  the  granite,  where  it  is 
crossed  by  the  road  through  Bamesbeg  Gap  towards  Creeslongh,  is 
about  three  miles.  Approaching  the  western  margin  of  the  pro- 
montory from  the  east,  we  observe  that  the  foliation  in  the  granite 
becomes  very  marked.  In  one  spot  there  is  a  clear  dip  to  the  S.E. 
at  80°.  This  rock  is  mainly  composed  of  felspars,  one  of  which  is 
orthoclase,  and  black  mica.  The  foliated  structure  is  seen,  not  only 
in  a  linear  arrangement  of  the  mica,  but  also  in  a  distinct  striping 
of  light  and  dark  bands,  corresponding  in  direction  with  the  strike 
of  the  mica,  the  dark  colouring  being  due  to  the  abundance  of  that 
mineral 

A  few  yards  beyond  we  come  to  the  junction.  The  rock  next  to 
the  granite  is  a  thin-bedded,  flaggy,  grey  schist,  containing  a  whitish 
niineral,  which  Prof.  Bouncy  is  disposed  to  think  homblendic.  I 
Would  suggest  that  the  occurrence  of  this  mineral  may  be  due  to  the 
presence  of  granite  in  the  vicinity  of  limestone,  of  which  there  are 
signs  near  at  hand.  A  granitoid  material  is  also  seen  to  penetrate 
a  rock  which  Prof.  Bonney  considers  pyroxenic.  I  am  inclined  to 
regard  this  as  a  case  of  intrusion  of  granite  in  limestone,  with  sub- 
sequent chemical  reactions.    In  Prof,  Bonney's  opinion,  some  of  the 


Digitized  by  LjOOQ IC 


c  cAJi&wir  OS  THE  eRAjmrc  urn 


.2 

i 

I 


felspar  has  probablj  bee 
rerted  into  sanastuite,  a 
which  would,  af  ocrane,  i 
my  Enggeetioii ;  bat  be  d 
ooasider  that  the  slide  ex 
bv  him  displays  erideiu 
junction.  However,  I  1« 
hint  to  be  confirmed  or 
by  further  obserratioii. 
Id  the  immediate  Tidni^ 
granite^  the  rocks  are  ( 
mica-schifita,  at  first 
away  from  the  granite,  a 
bending  np  to  the  X.N 
accordance  with  the  nsul 
the  rockfl  west  of  the  prop 
These  schists  are  also  c< 
on  a  smaller  scale,  andpei 
by  Toins  of  quartz  and  i 
granite.  The  section  t 
pears  to  furnish  another  < 
of  the  intmeion  of  the  gi 


f^ta^^ 


Seetimt  in  (he  road  north 
Icu^i^    {Proles 
(fig.  3). 

This  locality  is  also  at' 
em  margin  of  the  gra! 
ten  miles  further  south 
mencing  east  of  the  roai 
it  Ijegius  to  turn  rouni 
ijortK  we  leave  tbe 
which  is  coarsely  crystal 
unfi>liated,  and,  on  theo 
of  the  road»  come  to  mi< 
contaiDing  a  mineral 
Pro!  Bonney  thinks  may 
to  kyanitc,  and  he  a^ 
me  that  this  mineral  ml 
retjiilt  of  contnct-alterad 
rock  di|ifl  north-weaterl 
followed  by  quartatoe^ 
highly  cnntort'Cd,  and  p 
by  a  vein  of  fine-grained  i 
rock.  Then  follow  in  a! 
friable  schista,  a  thin 
limestone,  and  lead* 
mica-schiets,  repeated^ 
again  by  folding  an 
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▼e  come  to  the  Errigal  qnartzite.  The  secondary  contortion  is  at  some 
points  very  great,  and  the  numerous  disturbances  render  the  reading 
of  the  ground  somewhat  perplexing.  The  schists  and  limestones 
are  penetrated  by  several  quartz  veins  and  a  dyke  of  dolerite. 
Similar  schists,  especially  the  quartzose  and  lead-coloured  varieties, 
occupy  much  of  the  ground  as  far  west  as  the  sea,  and  crystalline 
limestone  also  occurs  near  the  coast.  In  fine,  I  can  see  no  reason 
whatever  for  separating  the  schists  east  of  Errigal  from  those  to  the 
west,  and  assigning  the  former  to  the  Laurentian  system.  There 
may  be  a  fault  between  the  Dunlewy  schists  and  the  Errigal  quart- 
site  ;  but  this  does  not  afford  sufficient  ground  for  evolving  a  second 
formation  out  of  a  section  which,  fi'om  Dunlewy  to  the  Atlantic, 
displays  alternations  of  similar  rocks. 

The  three  sections  thus  described  supply  the  main  evidence  which 
has  been  relied  upon  for  proving  that  the  granite  has  resulted  from 
the  metamorphism  of  sediments,  that  it  is  associated  with  certain 
schists  and  limestones,  supposed  to  be  of  the  same  age,  and  sepa- 
rated by  a  fatdt  on  the  west  and  an  unconformity  on  the  east,  from 
similar  schists  and  limestones  which  have  been  called  "  Silurian." 
The  facts  adduced  by  me  appear  to  favour  the  hypothesis  that  the 
schists  on  both  sides  of  the  granite  are  of  (approximately)  the  same 
epoch,  and  that  the  granite  has  been  intruded  as  an  igneous  mass. 
Further  evidence  of  the  igneous  origin  of  the  granite  is  supplied  by 
the  descriptions  which  fofiow. 

Oround  round  Bunbeg. 

At  Dunlewy  (fig.  3)  the  western  margin  of  the  granite  turns  round 
and  strikes  to  the  west  for  several  miles ;  but  towards  the  coast  the 
granite  projects  to  the  north  in  a  second  tongue,  near  the  base  of 
which  Bunbeg  is  situated.  The  rock  about  this  village  is  coarsely 
crystalline,  and,  so  far  as  I  could  ascertain,  destitute  of  foliation. 
Several  masses  of  quartz-schist,  some  of,  perhaps,  an  acre  in  area, 
others  mere  hand-specimens,  are  immersed  in  this  granite,  which 
abo  sends  veins  into  the  schist,  and  sometimes  overlies  it.  lime- 
stones also  occur,  and  have  undergone  great  alteration  near  the 
igneous  rock.  A  very  interesting  combination  of  facts  is  seen  in  a 
low,  flat-topped  elevation,  situated  near  the  "  e  "  of  "  Bunbeg  "  on 
the  Ordnance  Map.  The  western  escarpment  presents  a  face  of 
bedded  limestone,  highly  crystalline  and  very  full  of  garnets,  some 
seams  being  crowded  with  huge,  well-formed,  brownish-red  crystals, 
while  others  consist  of  garnet-rock.  The  bed  at  the  base  of  the 
section,  in  presumed  proximity  to  the  granite,  is  a  mdange  of 
minerals,  amongst  which  Prof.  Bonney  recognizes  garnet,  more  than 
one  member  of  the  hornblende  group,  and  perhaps  staurolite.  I 
have  httle  doubt  that  these  minerals  are  produced  by  the  contact  of 
the  granite.  Eock  is  covered  between  the  limestone  and  the  eastern 
end  of  the  monticule.  Here  quartz-schist  crops  out  in  a  low  cliff, 
at  the  top  of  which  a  vein  of  granite  is  very  clearly  seen  to  pene- 
trate and  overlie  the  schist.  As  the  limestone  and  schist  both  dip 
at  a  low  easterly  angle,  there  is  probably  a  fault  between  them, 
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and  this  weak  poiilt  may  haye  permitted  tlie  intnimon  of  the  gt 
Tho  schists  of  this  locality  hftve  usually  ao  easterly  dip,  as 
freniiently  inteasely  contorted. 

That  this  granite  ia  intniaive  is  pcrfeetly  certain,  and  there 
doubt  that  it  is  continuous  with  tlie  promout^ry  of  gneisaic  gr 

Granite  of  Dtinaff  Head  and  Malin  Head, 

South-east  of  Dunalf  Head  roek  is  weE  exposed  on  the  flat 
shore.  For  some  miles  to  the  ?*,E,  the  region  is  occupied  by  c 
zite ;  hut  north  of  Lenau  Head  granite  comes  in,  appearing  a 
the  quartzite  in  irroi?:ultir  masse.^  and  sending^  out  veins.  0 
same  strike,  to  the  N.E.,  g^ranitrO  is  oxpoaed  on  the  south  n 
Maltn  Ecacl,  and  is  clearly  intrusive  iu  the  qiiartzite  of  the  di 

Prof.  Honney  has  examined  microscopic  seetions  of  granite 
all  the  loealities  described,  except  the  last,  and  he  U  of  opinio: 
they  "  exhibit  traces  of  an  original  igneous  structure,  wluchi 
to  have  been  much  modified  at  a  later  time." 


4.  Tee  Foliation  in  the  Gbajoti, 


m^ 


It  Heoms  to  have  been  generally  assumed  that  the  presenci 
goeisBic  structure  in  a  rock  is  a  certain  proof  of  its  metam 
origin  ',  hut  this  opinion  hna  never  been  justified  by  facta.  T 
no  ii priori  reason  why  an  iutrusive  igneoujs  rock  should  not  be  fo 
Of  late  years  we  have  acquired  larger  views  of  the  etfects  p« 
by  pressure.  A  lateral  force  which  could  thrust  regional  mai 
TTehridean  gneiss  over  newer  ro^ks  to  the  breadth  of  a  mil 
squeeze  a  north-western  iut-o  a  north-castorn  strike  along  a  I 
many  mUes  in  length,  may  well  be  capable  of  producing  a  U 
structure  in  a  hand  of  granite  some  throe  or  four  miles  in  ^ 
Certain  parts  of  the  Donegal  granite  inacss  are  ineonteatafc 
tmsive  in  the  schists.  Which  view,  then,  must  we  adopt;  til 
granite  is  igneous,  with  a  gneissic  structure  subsequently  su; 
dnced  ;  or  that  it  was  originally  part  of  a  mass  of  bedded  sedij 
Bome  portions  of  which  have  been  hcatc^d  to  tlie  point  of  f^ 
As  tho  question  is  one  of  cons^iderable  theoretical  interest, 
review  of  the  evidence  is  desirable. 


st^ 


Aff/u77ifnts^  for  the  Metamorphic  Origin  of  the  GrcmUe, 

(1)  The  Granite  is  **  gneissose  in  character," 

This  fact  I  hold  to  be  consistent  with  the  igneous  theory. 

(2)  It  occurs  ''in  thin  beds  corresponding  to  the  bedding  ( 
stratified  rocks  of  the  district." 

KtMs  means  that  the  strike  of  the  foliated  granite  corrca 
with  the  strike  of  the  ditttrict,  it  is  sutficicnt  to  say  that  thia  ^ 
also  be  the  case  on  my  hypothesis.  But  if  these  words  implj 
the  granite  is  truly  stratified,  I  reply  that,  in  the  typical  icotl 
Bamesbeg  Gap,  the  granite  lies  lictween  the  masses  of  schist,  I 
beds,  but  with  the  irregularity  of  an  intrusive  roilc.  ^ 

(3)  In  the  granite  ohgoclase  occurs  associated  with  quartz, 

•  B>  H.  Sootl,  Journ,  Gml  Soo-  DubL  vol,  ix. 
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would  be  "  hardly  possible,"  if  tihe  rock  had  been  in  a  ^*  state  of 
simple  fusion."  But  the  granite  has  been  in  a  state  of  fusion  on 
either  hypothesis,  and  yet  the  oligodase  in  the  presence  of  quartz 
has  declined  to  pass  into  a  more  acidic  febpar.  Whether  or  not  the 
granite  was  once  stratified  rock  does  not  matter  if  fusion  has  actueiUy 
been  produced. 
But  the  evidence  which  Mr.  Scott  most  strongly  urges  is  that — 
(4)  "  Far  within  the  limits  of  the  granite  "  occur  "  isolated  patches 
of  metamorphic  rock,  not  lying  on  the  granite,  but  in  it." 

This  fact  is  in  perfect  harmony  with  the  igneous  theory.  Why 
should  not  fragments  of  rock  sink  down  into  a  molten  mass  ?  Or 
why  should  not  fused  matter  rise  up  round  masses  of  schist  ?  If 
the  granite  was  squeezed  up  through  rocks  which  were  traversed  by 
faults  and  joints,  it  would  probably  carry  up  some  masses  before  it 
and  become  entangled  amongst  others.  The  former  would  be  the 
first  to  be  removed  by  denudation,  so  as  to  expose  the  subjacent 
granite,  amidst  which  fragments  of  the  stratified  rocks  would  be 
preserved. 

The  Author's  Objections  to  the  Metamorphic  Hypothesis, 

(1)  If  the  granite  is  simply  a  metamorphosed  portion  of  a  mass 
originally  sedimentary,  we  should  expect  to  find  it  graduating  into 
the  adjacent  schists  and  limestones.  But  I  have  been  unable  to  detect 
the  least  evidence  of  such  a  passage.  The  numerous  junctions  I  have 
seen  have  been  quite  distinct,  or  there  has  been  a  slight  welding  to- 
gether of  the  two  rocks.  Prof.  Bonney  has  microscopically  examined 
sections  selected  by  me  as  showing  the  contact  of  granite  with  schist 
— one  from  Bunbeg,  where  the  granite  is  unfoliated,  and  one  from 
Bamesbeg  Gap,  in  the  foliated  region — and  he  quite  agrees  with  my 
interpretation.  At  Bunbeg  pieces  of  schist  no  larger  than  a  man's 
hand  are  immersed  in  granite,  yet  their  margins  are  quite  sharp. 
This  surely  would  be  an  impossibility  if  these  fragments  were  merely 
the  unmelted  remnants  of  a  series  which  had  undergone  partial 
fusion.  On  the  other  hand,  these  appearances  are  not  uncommon 
where  igneous  rocks  have  been  intruded  into  stratified  rocks.  For 
example,  on  the  same  coast,  near  Horn  Head,  the  diorite  at  one  spot 
is  crowded  with  fragments  of  contorted  schist. 

(2)  A.  uniform  mass  of  granite  could  not  have  been  produced  by 
the  fiision  of  a  varied  series  of  strata,  including  quarteite,  quartz- 
schist,  micaceous  and  homblendic  schists,  and  limestones.  There 
would  surely  be  bands  in  the  granite  corresponding  with  the  mate- 
rials out  of  which  they  were  formed.  The  chemist,  too,  would  be 
enrious  to  know  how  granite  could  be  produced  by  the  melting  of 
qnsrtiite,  or  limestone,  or  hornblende-schist.  I  admit  variations  in 
the  granite,  but  these  give  no  support  to  the  metamorphic  hypothesis. 
Thus,  the  granite  of  Bamesbeg  Gap,  associated  with  micaceous  and 
hornblendic  schists,  is  mainly  composed  of  quartz  and  orthoclase ; 
while  in  the  granite  of  Dunaff  Head,  surrrounded  by  quartzite,  pla- 
giedase  predominates,  and  there  is  a  fair  amount  of  mica. 
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Possible  Explmmtions  of  0ie  Qnehsw  Stnteture. 

There  appear  to  be  three  posaible  causes  of  the  foliation : — 

( 1 )  Flow-stmctare.  The  foliated  granite  may  be  regarded  i 
huge  dyke.  As  the  mnlten  rock  was  bein^  slowly  forced  up 
great  fiasuro  in  which  it  lies,  its  motion  would  be  more  rapid  in 
middle  than  at  the  sides.  This  niiprht  give  rise  to  a  vertical  fiui 
structure,  on  which  foliation  waa  subsequently  induced, 

(2)  Presflure  during  consolidation, 

(3)  Pressure  after  consolidation.  This  hypotbesia  may  tate 
forme :  — 

(ft)  Cleavage  with  superinduced  foliation.  The  gneiaeic  struc 
ia  nearly  vertical  and  a*  regular  as  cleavage.  We  know  that  r 
may  he  cleaved,  and  that  cleaved  rocks  may  become  foliated, 
tliis  case  there  would  he  two  periods  of  crj'st alligation,  the  first  ^v 
the  granite  consolidared,  the  second  when  there  was  a  rcdeposi 
of  minerals  in  accordance  with  cleavage-planes. 

(h)  Preasnre-foliation,  Prof.  Bonney,  from  microscopical  ex 
nation  ♦  informs  me  that  the  granites  exhibit  signs  of  great  crnsl 
by  which  the  original  atrueture  has  been  '■*  much  modified."  I 
already  (p.  228)  suggested  that  the  foliation  is  probably  dn 
lateral  thniat ;  but  I  am  not  prepared,  without  n,  more  elaborate  a 
of  the  ground  than  I  was  able  to  give,  to  pronounce  tiu  opinio) 
the  exact  mode  of  o^>eration.  The  evidence  for  the  existence  a 
required  pressure  will  he  more  satisfactorily  estimated  when 
schiats  have  been  described. 


II.  The  ScnisTosE  ItecKs. 


J 


These  may  he  separated  into  two  group®  t — 

(1)  Leitgh'Foifle  iSVWc*.— SemiciTstjiHine  :  consisting  of  qnur 
grita  ;  (juartzite  with  distinct  traces  of  fragmental  structure ; 
grained  schists,  some  of  them  black ;  shaly  and  slaty  beds  ;  crj 
lino  limestone  and  compact  dolomite.  Usual  dip  north-wesi 
Well  exposed  hi  that  part  of  the  Inishowen  peninsula  which  lies 
of  Lough  Foyle.  The  following  extracts  from  Prof.  Bonney  s  i 
will  he  seen  to  be  confirmatory  of  the  above  desoriptici 
**  schiatose  rock  j"  *^  might  even  be  a  phyllite  ;"  ^*  fr.igmental  a1 
ture  still  conspicuous  ;  '*  '*  schistose  slate  ;  '*  '*  fragmental  straji 
very  marked/' 

(2)  Kilmacretm  n  Series, — Crystal  li  ne :  con  sistin  g  of  true  quart 
quartx-schists,  mica-schists,  hornblende-schists,  schists  with  hi 
niagnesian  silicates,  and  crjstalline  limestones.  Dip  south-eafii 
^)ccnpyiiig  a  large  part  of  the  diHtrict  or  barony  of  Kilmacr^ 
lying  to  the  west  of  the  village  of  that  name.  Prof.  Bonne 
reference  to  these  rocks,  writes  : — ^"  I  shonld  quito  agree  to  the 
of  these,  or  the  bulk  of  these,  being  old  rocks.  The  majority,  I 
ever,  do  not  seem  of  the  oldest  type***  Some  of  the  most  tjl 
varieties  are  deacribed  by  Prof  IkDnney  as  "  micA-schist,"  •* | 
with  garnets,"  **  idem,  with  probably  some  chlorite  or  homblei 
"  homblend&-6chist,*'  uf  "  the  Lizard  **  type,  **  idem,  withgamef 
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chlorite,"  "  crystalline  limestone,  with  garnet,"  "  calcareons  schist, 
with  some  quartz  and  mica." 

Some  account  of  the  distrihution  and  relations  of  the  above 
groups  will  be  given  in  the  following  paragraphs. 

Section  from  Londonderry  to  Dunaff  Head  (fig.  6,  p.  236). 

This  line  passes  from  S.8.E.  to  N.N.W.  across  a  band  of  about  20 
miles  in  breadth,  striking  to  the  S.W.  The  Lough-Foyle  series  occu- 
pies the  south-eastern  side  of  the  zone,  and  is  13  miles  broad.  The 
remainder  of  the  breadth  is  covered  by  the  upper  part  of  the  crystal- 
line group. 

Drumahoe  Quarry  (two  miles  E.S.E.  of  Derry). — The  quarry- 
section  is  now  partly  obscured  by  debris,  and  rock  is  better  seen  in 
and  near  the  river-bed,  where  a  fine-grained  limestone,  3  fb.  thick, 
and  some  slaty  bands,  dip  E.8.E.  at  80°.  Near  the  water-mill,  a 
little  lower  down  the  stream,  are  fine-grained  bluish-grey  schist  and 
altered  quartzose  grit,  rather  contorted,  dipping  at  a  low  angle  to 
the  N.W.  The  sc^t  is  of  the  peculiar  type  so  characteristic  of  the 
hypometamorphic  rocks  of  Anglesey.  At  first  sight  it  might  be  taken 
for  shale  or  slate ;  but  looking  more  closely  we  see  the  surfaces  of 
the  laminee  glistening  like  the  folia  of  a  true  mineralized  schist. 
This  view  is  confirmed  by  the  microscope.  Prof.  Bonney  considers 
the  rock  a  schist  of  a  late  type,  in  which  the  fragmentai  structure 
is  still  conspicuous.  1  call  special  attention  to  this  variety,  because 
it  predominates  throughout  the  newer  ArchsBan  rocks  of  Ireland, 
wherever  I  have  seen  them. 

Londonderry. — Near  the  east  end  of  the  Foyle  Bridge  there  is  a 
large  quarry  of  normal  hypometamorphic  schist,  dipping  N.W.  at 
60°.  On  the  west  side  of  the  river,  in  the  Strand,  the  rock  is  a 
quartzose  grit,  separated  into  thin  seams  by  folia  of  mica,  and  is 
highly  suggestive  of  the  "foliated  grit"  of  MeHn  pant  y  Gwyda*, 
in  Anglesey.  About  two  miles  north  of  the  city,  east  of  Summer 
House,  there  is  a  good  exposure  of  similar  schistose  grit  in  a  small 
quarry.  The  beds  are  puckered  into  gentle  undulations,  such  as 
might  be  mistaken  for  ripple-marks.  A  mile  and  a  quarter  due  west 
of  this  section,  in  some  large  quarries  on  the  Buncrana  B.oad,  is  an 
extensive  exposure  of  rock  which  differs  from  the  preceding  only 
varictally.  The  gritty  materials,  consisting  of  quartz  and  felspar, 
are  very  clearly  fragmental.  The  schist  is  very  fine-grained,  often 
occurring  as  mere  flakes  in  the  grit,  sometimes  in  regular  seams. 
The  dip  of  the  rocks  hitherto  examined  west  of  Londonderry  is 
usually  N.N.W. 

Cashel  HilL — This  Novation,  four  miles  N.W.  of  the  last  locality, 
is  the  spur  which  terminates  Scalp  Mountain  on  the  S.W.  The 
rock  ia  of  grit,  arranged  in  thin  regular  seams,  and  little  of  the 
schistose  material  is  present.  The  bedding,  a  little  contorted,  dips 
X.N.W.  at  from  30°  to  60°.  This  grit  passes  down  through  gritty 
beds  with  schistose  interlaminations  into  intensely  contorted  satiny 
achist,  in  folia  so  thin  that,  but  for  the  micaceous  lustre,  we  should 
*  Quart  Joanu  Gh)ol.  Soo.  (May  1881),  vol.  xxxvii.  pp.  222,  234. 
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call  it  shale.    Some  of  it  is  black.     Lower  down  the  slope,  itt 
quarry  west  of  Bumfoot^  we  ha^e  grit  and  bkck  scIuBt  closely  k 
foliated,  the  folda  bobg  roflexed  to  the  S-E.     Some  of  the  gn 
massiYe,  and  iU  contortion  can  some  times  only  be  defcennined 
observing  tho  behaviour  of  the  associated  schists. 

Bhore  north  of  Fahan  Station. — At  Fahan  we  reach  Longh  8wi 
and  our  sectioii  keeps  to  the  eastern  nmr^dn  of  thifl  picturesque  i 
of  the  sea  up  to  Dunaff  Head.  Rock  is  well  exposed  on  the  sh 
^ts  and  block  schist  bein^  i^till  tho  prevailing  types.  Some  of 
latter  is  still  more  modem -looking  than  at  Caehol  Hill,  and  I 
Bonney  agrees  in  thinking  it  ia  not  far  remoTcdfrora  phyllite. 
beds  stand  at  very  high  angles  to  both  N.W.  and  S,E.,  and 
Bomctimes  vertictil.  The  evidence  of  lateral  thrust  ia  very 
nounced.  The  strata  arc  not  only  ciumpied  into  numerous  fi 
but  in  some  placo8  ore  cnished  into  masses  of  angular  fragm 
thrown  together  with  their  divisional  planes  lying  at  all  anj 
This  pressirre  ts  not  evenly  distributed.  For  example,  the  gr 
one  place  is  normal,  differing  only  from  a  Palaeozoic  grit  in 
mineralization,  entire  or  partial,  of  the  matrix ;  but  at  a  little 
tance,  where  tho  crushing  and  contortion  are  more  intense,  the  jn 
cles  of  grit  arc  flattened*  and  strong  folia  of  a  silvery  mineral  (? ' 
come  in  between  them,  eo  that  the  rot^k  approaches  a  schist  in  si 
ture.  It  is  not  difficult  to  understand  that  if  the  squeezing  pn 
were  carried  still  further,  the  fragmental  structure  might  be  ent 
obliterated,  and  a  true  schist  be  formed.  This  suggestive  cai 
not  unlike  examples  I  have  already  def^eribed  elsewhere*,  whew 
thrust  of  the  Caledonian  gneiss  in  Sutherland  has  converted  qnar 
into  quartz-schist.  Tht^  overt hrunt  in  thijs  locality  is  to  the  N 
and  the  same  fact  is  to  be  observed  at  Buneriina,  about  two  i 
further  on, 

I  did  not  see  any  limestone  in  the  section  between  Berry 
Buncraaa;  but  the  Culdaff  limestone  is  on  the  strike  of  the  r 
east  of  Bnncrana,  and  pieces  of  it,  as  well  as  of  a  similar  variel 
lilies,  near  Bnncrana,  have  been  kindly  famished  me  by  Mr.  1 
Cruise,  of  the  Irish  Geological  8«rvey.  These  limestones  are 
bluish-grey  in  colour,  and  are  intermediate  in  degree  of  crystallizi 
betwe**n  the  Druiimhoe  limestone  and  the  limestones  of  the  ciyi 
line  schistoee  series. 

Between  Banerana  Bay  and  BallynariT  Bay. — We  commenee 
part  of  our  section  at  Ned*s  Point.  Again  we  come  upon  the  ll 
achist.  It  ia  here  associated  with  a  hard  quartjose  grit  al 
quartzose  mieaceous  schist.  Tho  dip  for  dome  dij*tance  18  to 
NVW.  at  20'-30'.  The  same  beds  are  repeated  again  and  agd 
a  succession  of  reversed  faults  of  the  structure  represented  in  l3j 
a  bed  of  grit,  underlain  by  a  seam  of  the  black  sehbt  or  phyl 
resting  ii  neon  form  ably  upon  a  coai-se  schistose  rt>ck,  dipping 
hifjh  angle  in  tho  same  direction.  Sometimes  black  schist  ia  wan 
and  the  grit  is  in  contact  with  the  coarse  schist.  In  one  pU 
seam  of  the  last-named  rock  is  bent  int<j  a  eoriea  of  V-ahaped  1 
•  Qeol.  Mftg.  Dec.  3.  vol  L  p.  22L 
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while  a  bed  of  grit  in  contact  witti  it  remains  nnoontorted.  The 
grit-bands  and  coarser  schists  occupy  the  shore  to  Porthaw.  Here 
the  dip  changes  to  S.E.^  with  much  contortion  and  frequent  intru- 
sion of  quartz-veins. 

Fig.  4. — Thrust-plane. 

8JB.  N.W. 


At  Hegarty 's  Rock  the  strata  are  largely  of  quartzose  grit.  Quartzito 
comes  in  for  the  first  time.  It  differs  from  the  quartzites  of  the 
crystalline  series  in  presenting  even  to  the  naked  eye  evidence  of 
fragmeutal  structure  in  the  occasional  occurrence  of  angular  grains 
of  quartz.  The  strata  of  grit  and  quartzite  dip  at  a  low  angle  to 
the  N.W.,  and  each  bed  is  sharply  cleaved  for  a  distance  of  several 
inches  from  the  surface  inwards.  North  of  Hegarty's  Rock,  the 
saccession  is  clear,  the  grit  being  overlain  by  the  quartzite,  and  the 
quartzite  by  the  fine  and  coarse  schists,  the  whole  undulating  at 
a  gentle  angle  to  the  N.W.  The  beds  then  lie  in  a  low  broad  anti- 
dmal  arch  ;  but  the  oblique  foliation  of  some  of  the  seams  of  schist 
points  to  the  continued  action  of  lateral  thrust.  Towards  Ballynarry 
Bay  the  strata  begin  to  rise  to  the  N.W^  <^d  the  outcrops  terminate 
at  the  sands  of  the  bay  in  a  considerable  thickness  of  quartzose  beds 
and  thin  schistose  bands,  the  whole  dipping  to  the  S.E. 

This  brings  us  to  the  north-western  edge  of  the  subcrystalline 
band.  We  have  seen  that  at  the  eastern  side  fine-grained  schists 
and  schistose  grits  prevail.  West  of  these  we  have  more  massive 
grits  and  black  phyllites  or  schists ;  and  further  west  similar  types 
are  again  seen,  associated  with  quartzites  and  quartzose  schists. 
The  state  of  alteration  is  tolerably  uniform  from  east  to  west,  the 
beds  which  exhibit  the  least  cr}  stallization  being  perhaps  the  black 
schists,  occurring  most  conspicuously  in  about  tiie  centre  of  the 
traverse.  The  dip  being  usually  to  the  N.W.  and  N.N.W.,  the 
thickness  might  seem  to  be  considerable ;  but  there  appears  to  be 
frequent  repetition  by  both  folding  and  faulting,  the  folds  at  first 
being  thrown  over  to  the  8.E.,  then  to  the  N.W.,  and  again  to 
the  H.E.  This  alternation  of  thrusts  would  be  explained  if  we 
mpposed  each  series  of  folds  whose  axes  dipped  in  the  same  direction 
to  occupy  one  slope  of  a  large  monocline.  Though  the  thickness 
of  strata  may  not  be  great,  there  is  sufficient  variation  from  east 
to  west  to  show  that  the  same  beds  are  not  repeated  throughout 
the  traverse.  With  my  scanty  knowledge  of  these  rocks,  I  cannot 
say  what  is  the'  true  order  of  the  strata ;  but  I  am  disposed  to  think 
that  the  succession  rises  from  west  to  east.  The  beds  at  the  western 
margin  of  the  subcrystalline  band  dip  away  from  the  metamorphic 
series,  but  I  do  not  ascribe  decisive  weight  to  this  evidence. 

Between  Ballynarr}'  Bay  and  Dunree  Head. — The  bay  is  about 
half  a  mile  wide,  its  south-eastern  boundary  being  formed  of  the 
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roclcs  just  described,  wkilo  along  the  north-western  side  mna  a  wall 
of  strata  of  the  metamorphic  group.  The  only  rock  which  appears 
in  the  interval  ie  a  mass  of  coarae  diorite,  which  projects  from  the 
sands  about  midway  between  the  two  schiato&e  series.  In  this  line 
of  section,  then,  the  two  groups  are  separated  by  igneous  rock, 
apparently  an  intrusive  mass. 

Continuing  the  section,  we  find  the  beds  for  the  first  haH-iaile 
lying  anfciclinally,  and  consisting  of  quartatt^a  of  the  older  type, 
quart  a- schist,  mica-BchiBt,  and  subordinate  bands  of  chloritic  or 
talcose  schist*  We  then  come  in  succesaion  to  qujirtz- schist  with 
garnets,  talcose  or  chloritic  schist,  and  a  considerable  tlucknew  d 
quartzoso  schist,  A  mass  of  diorite  next  appears.  Beyond  this  is 
a  beautiful  silvery  schist,  underlain  by  a  black  variety,  jnuch  more 
strongly  foliated  than  the  black  schist  of  the  younger  group.  Then, 
tor  a  considerable  distance,  the  prevailing  rock  is  green  micaceoTi& 
and  talcose  schist*.  These  rocks  I  followed  to  within  a  mile  aud  a 
half  of  Dunreo  Head.  The  dip  of  moat  of  the  above  schists  is  to 
the  S.E.,  and  there  is  frequent  contortion,  I  was  prevented  from 
visiting  the  section  beyond ;  but  the  rocks  on  the  same  strike  to  the 
N.E.  and  8.W.  are  quarti-schiste. 

From  Dunree  Head  to  Dmiafi"  Head. — Bunree  Head  terminates 
the  quartzite  range  over  which  the  pasH  of  Mamore  is  carried.  U 
is  composed  of  easterly-dijipin^  quartKite,  and  the  same  rock  forms 
the  precipices  which  overhang  Lough  8 willy  for  nearly  throe  milwto 
the  north,  and  again  appears  in  Lenan  Head,  north  of  which  the 
granite  soon  comes  in,  and  is  continued  to  Dunaff  Head,  Mr. 
Cruise  informed  me  that  this  fine  headland  is  composed  of  gramto 
and  quartzite, 

llie  euporticial  apijcarance  presented  to  ns  by  the  traverse  N,W, 
of  EaHynarry  Bay  is  that  of  a  considerable  thickness  of  quartzite?, 
overlain  by  a  great  succession  of  quartzose,  micaceous,  and  talcose 
or  chloritic  schi&its^  This  series  is  certainly  quite  distinct  from  the 
rocks  between  Bunerana  and  Derry.  It  nowhere  present*  under 
the  pocket-lens»  so  far  as  1  have  seen,  anj  traces  of  a  clastic  struc- 
ture. The  schisstg  are  well  foliated.  They  do  not,  indoed,  SQggfst 
the  highly  crystalline  rocks  of  the  Hebridean  system,  but  tlioy  tw 
on  the  other  baud  easily  dititin^ished  from  the  paitially  mineraliwd 
schists  of  the  Lough- Fovle  series. 

It  is  also  to  be  notod  that,  while  the  older  rocks  dip  almost  am- 
formly  to  the  HJS.,  the  dip  of  the  Lough-Fay le  group  is  nt^- 
w^cHlcrly*  That  this  is  not  a  true  synclinal  structure  is  evident  from 
the  great  dissimilarity  between  the  rocks  of  the  two  sides  of  the 
apparent  basin. 

Sectio7i  from  Mali  a  to  Malin  Head,* 

This  traverse  is  substantially  the  same  as  that  part  of  the  IsM 
section  which  passes  over  the  older  series.  Between  tlie  liilbice  of 
Malin  and  the  quartrites  of  the  west  coast,  a  breadth  of  about  three 

*  I  do  not  eomnut  raysolf  to  n  deflnUe  opiuion  on  the  eicact  iiiinoml  ii»tufe 
of  some  of  the  schista  uf  \\iis.  region. 
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miles,  WG  have  the  micaceous  and  talcose  (or  chloritic)  schiste. 
They  are  frtxjuontly  ibldod,  and  in  addition  are  intensely  cmmpk'd 
in  immerouB  iiinall  conturtioas.  The  dips  are  alternately  N.W,  nnd 
S.E,,  hut  aometimeJi  there  is  more  north  or  ^outh  in  them.  Tliese 
schists  are  frec^ucutly  penetrated  bj  intrusiYO  diorite.  Toward* 
Lag,  quartz-schist  and  quartzite  come  in,  and  quartzoae  rocks  ifo 
found  as  far  west  as  MaHn  Head. 

The  rocks  ef  Malm  Head  are  on  the  strike  of  the  quartatea  <rf 
Dunaff  Bay,  and  arc  composed  of  qiiartzite  and  quartz-fichist. 
They  are  bent  into  an  anticline,  well  seen  at  Esky  Bay.  On  the 
Bouth  side  of  the  headland,  1  saw  a  mass  of  horn  hie  nde-sehist^  which 
had  apparently  been  forced  up  amongst  the  quartzitt's  by  the  intro- 
fiioD  of  the  gnmite.  The  extremity  of  the  Head,  which  is  the  most 
northerly  point  of  Ireland,  is  composed  of  flaggy  quartz -sctusta, 
greatly  contorted,  plimging  verticaUy  down  to  tho  west. 

Comparing  tho  mica-schists  of  this  trayeree  with  the  similar  rocks 
in  the  last  section,  we  find  the  alternating  dips  west  of  AlaliB 
represented  on  Lough  Sw^illy  by  a  tolerably  uniform  dip  to  the  S*E. 
The  great  apparent  thickness  of  strata  on  Lough  f^ willy  may  t\iQT^ 
fore  be  explained  by  repetition. 

SeeHon  between  the  GrauiU  of  €r(mjh  and  the  Diorite  of  ffmi 
Heitd  (Ihmfamfijhif),     (Fig.  6,  p.  235.) 

The  mctamorphic  rocks  of  LoEgh  S willy  and  Malin  are  only  the 
upper  portion  ot  an  extensiTe  succesi^iion.  If  the  quartzite  of  Dtmrce 
Head  be  followed  on  the  strike  to  the  S.W.,  it  is  seen  to  coincide 
with  the  quart zito  ndgc  of  Lough  Salt,  where  it  is  underlain 
(p.  224)  by  schists  and  Hmestono.  These  are  the  lowest  rocks  ewt 
of  the  granite  promontory. 

West  of  the  granite  of  Oroagh,  we  pass  through  a  succession  d 
micaceous  and  horublcndic  scMsts,  underlain  at  Lough  Natixwjy  South 
by  bedded  crystalline  limestone  with  seams  of  mica  and  some  qu^utz, 
the  dips  being  usually  to  the  S.S.E,  at  80^.  There  is  a  general 
resemblance  hetween  these  rocks  and  those  east  of  the  granit«f  hut 
the  dip  is  much  higher  and  is  occasionally  vcrtieal. 

At  Cret^slough  tliere  is  an  apparent  thickness  of  several  hundred 
feet  of  well-foliated  mica-schist,  dipping  conformably  with  the  pre- 
ceding rocks.  Omitting  numerous  masses  of  diorite,  we  find  the 
follow  ing  descending  succession  between  Crccslough  and  the  oc^ast^ 

stream  east  of  Herry  harriff. — Mica-schist  of  the  lustre  and  coWwx 
of  black  lead. 

Bouth  of  the  R.  C.  Chapel  at  Boocashei. — Similar  schisti,  dipping 
S,8.E.  at  Tarious  angles,  some  low. 

East  of  Chapel. — Quartzite  with  low  8.S.E,  dip. 

Bridge  south  of  Jiallymore  Church.^ — Quarry  of  coarsely  crystalline 
maseiyc  limestone.  Colour  white :  some  bands  blue ;  the  fanner 
Qometimes  with  folia  of  mica.     JJip  S.E.  at  40^-50^* 

Bood  north-w^est  of  Church. — Quartzite  with  low  dip  or  horiiontal; 
in  llaooB  greatly  contorted. 

Bouth  of  Faugher  Upper.— Quartzite. 
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Faugher  Fpper. — Crystalline  limestone  like  the  beds  south  of 
BaUymore.  Dip  at  a  low  angle  to  S.S.E.,  passing  below  the 
qoartzite.  This  limestone  is  continued  along  the  road  to  Bunfanaghy 
for  about  a  mile. 

Bound  Bunfanaghy. — Quartz-schist  is  almost  the  only  bedded 
rock  which  appears  below  the  limestone.  It  is  well  seen  in  the 
shore,  west  of  the  town ;  in  quarries  one  mile  to  the  S.S.W. ;  in 
Dooms  Point ;  and  in  parts  of  Horn  Head.  Near  Horn  Head  House, 
to  the  N.N.E.,  the  schist  in  a  hillock  presents  a  fan-shaped  arrange- 
ment. Elsewhere  the  schist  dips  at  low  angles,  and  is  apparently 
conformable  to  the  limestone. 

The  apparent  descending  succession  in  the  metamorphio  series  is 
thus  summarized : — 

1.  Micaceous  schist  of  Lough  Swilly. 

2.  Quartzite  of  Lough  Swilly  and  Lough  Salt. 

3.  SchistA  (borablendic  and  micaceous)  and  limeetonef  of  Lough  GIreenan. 

4.  Similar  rocks  west  of  Croagh. 
6.  3dica-schi8t  of  Creeslougb. 

6.  Lead-coloured  schists  south  of  Doocashel. 

7.  Quartdte  of  DoocasheL 

8.  Crystalline  limestone  south  of  BaUymore. 

9.  Quartzite  N.W.  of  BaUymore. 

10.  Crj'staUine  limestone  of  Faugher  Upper. 

11.  Quartz-schists  of  Dunfanagh J. 

We  have  seen  (p.  236)  that  in  MaUn  Head  the  granite 
occupies  the  core  of  an  anticlinal  fold,  with  vertical  strata  in  the 
western  limb,  as  if  there  had  been  a  thrust  from  the  east.  In  the 
last  section,  too,  the  strata  on  each  side  of  the  granite  are  similar, 
and  the  rocks  on  the  west  side  are  nearly  vertical ;  but  I  cannot 
venture  with  my  present  information  to  say  that  the  same  structure 
exists  in  both  cases,  though  the  matter  is  one  which  it  would  not 
be  difficult  to  determine. 

Section  between  the  Granite  north  of  Dunlexvy  Church  and  the 
Granite  at  Bunheg. 

This  section  is  drawn  across  the  same  rocks  as  in  the  last  tra- 
verse, at  a  distance  of  about  12  miles  to  the  S.W.  We  are  here 
near  the  broadened  base  of  the  granite  promontory,  and  the  con- 
tinnation  of  the  beds  of  schist  west  of  Croagh  is  apparently  cut  out 
by  it.    The  following  is  the  probable  succession : — 

1.  Dunlewy  schists;  possibly  representing  the  Creeslougb  series. 

2.  Quartzite  of  Errigal ;  apparently  on  tne  strike  of  the  quartzite  at  Doo- 

casheL 

3.  Lead-coloured  schists  at  Bunaninver  Bridge. 

4.  Quartz-schist  between  Gweedore  Hotel  aud  the  western  granite,  and 

cr}-BtaUine  limestone  at  Bunbeg,  probably  on  the  horizon  of  the  rocks 
round  Dunfanaghj. 

It  is  interesting  to  note  that  the  Dunlewy  schists  dip  to  the 
N.W.,  that  is,  in  the  opposite  direction  to  their  presumed  equiva- 
lents near  Creeslougb.  This  fact  illustrates  the  difficulty,  in  these 
disturbed  regions,  of  determining  the  original  position  of  the  beds. 

Q.J.G.S.  No.  162.  8 
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III.  P n u n F  0 p  L A Ti: t{ ax  TiiRr s^t . 

From  the  prpcedins;  dej^criptiona,  it  will  be  seen  tliat  there  &ra 
two  prevuiling  ^trikesi  in  this  rt'^ioii,  one  to  the  W.S.W*,  the  othtfr 
to  tliu  S.W.,  and  iLut  these  strikes  are  found  in  both  groufK'?. 

Ill  *\^.  5.  tin-  slrikri'  of  tiju  Lough-Fovlo  serifs  is  W.8.W..  botweeE 
LonduiirJeny  find  Cu^ln.i  Tlill  :  hut  hetwcen  Fithaa  nnd  Ballynarry 
Bay  it  is  S,W,,  imd  tliu-.  h  the  siriko  of  the  ohkr  aerieg  ri^^ht  ap  to 
the  ^^raiiile,  imd  iji  tht'  graiiito  iti^rlf. 

^Ve^t  of  Maliii  the  older  schist.**  strike  sometimes  W.S.W.  and 
sometimes  S.W, ;  but  In  the  qimrtzose  series  further  west  the  strike 
is  S.W. 

Til  the  Kilmacrcunn  section  (tif^.  6),  the  treud  is  ftlmoat  imi- 
forady  to  the  W,S,W.  from  tlic  "^^nrnite  to  the?  west  coast 

Thef=ie  ohscrvationa  are  cmTrdiorated  by  an  interesting  section  in 
CroLtf^hmore,  a  moniitiiiii  W.N.W.  of  I.etlerkenny-  This  elevation 
trends  eant  aud  west,  in  agreement  with  the  strike  of  the  strata, 
-which  f'onniist  of  strong  mica-sehisjtii  dif^ping  sk^adi]r  to  the  north, 
witli  perliap!^  a  few  drgrees  of  wei?t.  Near  the  summit  the  schists 
form  li  low  Chitiarpment  facing  to  the  sonth,  and  these  searp'fac€a 
disjiluy  iritcnise  contortions,  with  Rniull  foldjj  relleaced  t^  the  east. 
Thi'TiC  two  systems  of  foMin;^  must  havo  h<.^eu  produc4?d  by  earth- 
thrusts  titi'mu:  in  diflcreut  direttions  and  at  different  cpnchs. 

Thu  fact^  indicated  do  not  suftice  for  a  coui]jlete  induction,  hat 
they  are  enou^^Ii  iVir  my  puriJORo,  During  one  of  the  periods  of 
a:mtorlion^  the  tliru^t  eaine  from  the  H.E.  ov  the  N.W.^  probably  the 
fbrraer,  Thi^  pres-sure  wa^  cupfihlc  of  produeing  the  foliation  in 
the  granite  aud  the  ^outli- west  strike  in  the  sckista  on  its  eastern 
side  ;  for,  as  ^vG  tiare  seen,  it  was  violent  enough  to  squeeze  hard 
gritd  into  schist-like  rocks,  to  crnsh  s  trot  a  into  masses  of  angilliir 
fragments  with  the  divisional  planer  l>ing  in  all  directions,  to  pro- 
duce cleavage  in  coarse  grits,  to  contort  rocks  into  closely  appressed 
folds,  to  throw  over  the  toJds,  and  sometimes  to  give  rise  to  thrust- 
plaues.  It  was  probably  during  this  important  corrogation  of  iho 
crust  that  the  granite  was  m]nee7.cd  up  from  below.  At  any  rat€, 
the  lateral  thrust  easily  accounts  for  tlie  gneissic  structnre,  which 
may  Inivc  been  in  ]>firt  acquired  during  the  ertravasation  an<i  com- 
pleted after  consolidation  by  a  continuance  of  the  pressure,  or 
entirely  produced  a  titter  conaolidation. 

The  production  of  re^^^ional  foliation  by  pressure  in  the  case  of  the 
Donegal  granite  may  have  an  important  hearing  upon  the  oti^n  of 
the  crystalline  schists. 

The  llev,  E,  Hill,  F.G,S,,  has  called  attention*  to  a  gneissic 
elrticture  in  the  granite  of  Guernsey  and  made  a  similar  suggestion 
in  reference  to  some  gneisses. 

SoilHART  OF  IlmPLTS, 

1.  The  granitic  rock  of  northern  Donegal,  originally  supposed  to 
be  the  result  of  the  metamorphism  of  sediments,  and  reoently  re- 
'^  Quart  Joum.  Geol.  See.  toI.  xL  p.  419. 


Digitized  by  LjOOQ IC 


SCHISTOSE  BOCKS  OF  NOBTHEBN  DONEGAL.  239 

ferred  to  the  Laarentian  system,  is  a  true  igneous  granite,  as  seen  in 
its  intrusion  into  the  adjacent  schists,  in  its  inclusion  of  masses 
and  fragments  of  other  rocks,  and  in  its  metamorphic  action  on 
Umestono  in  contact. 

2.  This  granite  is  distinctly  foliated,  the  gneissic  stnicture  being 
caused  by  lateral  pressure  (probably  from  the  south-east),  of  which 
there  is  evidence  in  the  marked  cleavage  and  intense  contortion  of 
strata,  in  their  occasional  fractured  and  crushed  condition,  and  in 
the  frequent  overthrow  of  folds  and  overthrust  of  faulted  masses. 

3.  Tie  granite  is  intrusive  in  a  thick  group  of  quartzitcs,  quartz- 
schists,  homblendic,  micaceous,  and  toicose  (?)  schists,  and  crya- 
talliile  limestones,  called  the  Kilmacrenan  Series.  These  rocks  are 
truly  crystalline,  but  usually  thin-bedded  and  fine-grained. 

4.  The  crystalline  schists  are  bounded  on  the  east  by  a  semi- 
crystalline  series,  consisting  of  quartzose  grits  and  itacolumites, 
quartsitee,  crystalline  limestones,  compact  dolomites,  phyllites,  inter- 
laminations  of  grit  and  schistose  matter,  and  finely  foliated  micaceous 
schists.    These  may  be  designated  the  Lough-FoyU  Series. 


Discussion  *. 

Mr.  RurLBT  remarked  that  there  seemed  to  be  no  greater  reason 
for  surprise  at  the  inclusion  of  large  masses  of  schists  &c.  in  intrusive 
granite  than  at  the  occurrence  of  small  fragments,  or  ^*  horses,"  in 
dykes.  In  connexion  with  the  change  of  limestone  into  garnets, 
be  inquired  whether  the  limestone  was  siliceous  or  aluminous.  He 
also  objected  to  the  use  of  the  term  ^*  mineralized  grit,"  and  inquired 
what  was  to  be  understood  by  it.  He  doubted  whether  Dr.  Sterry 
Hunt's  correlations  ought  to  be  accepted  in  the  present  instance. 

Mr.  R.  H.  Scott  had  hardly  expected  his  paper  to  be  exhumed 
after  the  lapse  of  twentj'-two  years.  He  objected  to  the  title  of 
Dr.  Callaway's  paper ;  it  should  have  been  on "  part  of  the  north- 
west of  Donegal  instead  of  on  the  whole  county.  The  granite  of 
Bamesmore  was  of  a  different  type  from  that  of  the  district 
described  in  this  paper,  which  is  similar  to  that  of  Argyllshire. 
When  he  had  worked  upon  these  granites  microscopic  examination 
of  rocks  was  not  so  well  understood  as  it  now  is ;  and  he  could  not 
investigate  the  rock  thoroughly.  He  had  not  assigned  any  parti- 
cular age  to  the  granite,  and  he  had  expressly  alluded  to  intrusive 
veins,  though  he  considered  the  rock  to  be  metamorphic.  There 
were  similar  beds  north-west  and  south-east  of  the  granite  in  the 
north,  showing  a  possible  anticlinal.  He  remarked  that  Dr. 
Callaway  would  find  work  to  do  in  the  south  of  the  county 
and  eastward  in  Tyrone.  There  are  similar  altered  rocks  through- 
out this  region,  passing  on  to  fossiliferous  beds.     There  are  two 

*  Portions  of  this  discussion  relate  to  certain  views,  as  to  the  correlation  of 
the  rocks  described,  which  were  put  forward  at  the  conclusion  of  the  paper,  but 
which  were  subsequently  withdrawn  by  the  author. 
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types  of  graiute  in  the  main  granite  district,  one  with  two  felfipara, 
the  other  whit©  like  an  eLvao,  and  coutaining  spheno.  Thi^  latter 
appears  in  the  idand  of  Arranmoro,  There  is  a  totally  different 
granite  further  south,  near  Baruoamore,  and  that  does  not  oxercisa 
metaniorphic  action  on  the  ncighhoaring  rotks.  In  conclusion,  lie 
inqnired,  What  relation  did  tbo  beds  in  Wexford  bear  to  the  Silu- 
rian near  Enniscorthy  ? 

Mr.  Teall  said  that  the  two  portions  of  the  paper  struck  him 
very  difter<^ntly.  The  first  portion  evidently  contained  a  very  in- 
teresting record  of  carefully  observed  facts,  the  second  portion  'dealt 
with  the  correlation  of  the  achiats  of  the  district  with  those  of  other 
localitiefl^^the  only  evidence  for  sEch  correlation  being"  a  certain 
lithological  resemblance.  Ho  was  extremely  sceptical  about  the 
possibility  of  determining  the  chronological  relation;*  of  such  rocks  in 
ihia  way,  and  believed  that  some  of  the  characters  relied  ni>oa  were 
merely  structural  and  mineral ogieal  pec ali an  ties,  de|>endent  upon  the 
mechanical  actions  which  determine  regional  metamorphism*  The 
eruptive  origin  of  certain  foliated  rocks  had  been  clearly  established 
by  Darwin,  Forbes,  Kjorulf,  Lehmann,  and  many  other  observers. 
The  dt'volopment  of  micaceous  minerals  in  connexion  with  re^onal 
mctamorphism  was  a  common  feature ;  and  he  especially  referred  to 
the  gneisses e  flagstones  and  associated  schists  of  the  north-west  of 
Scotland.  The  mica  in  these  schists  appeared  to  be  developed  at 
tho  expense  of  felspar.  In  some  cases  ''  eyes  *'  of  felspar  remaiued, 
while  in  the  more  perfect  schists  these  were  almost  if  not  entirely 
absent.  A  quartz-felspar  grit,  such  as  the  Torridon  Sandstone,  if 
BubjtiCted  to  regional  metamorphism,  might  thus  be  readily  con- 
verted into  a  mica-schist,  and  he  was  strongly  inclined  to  think 
that  some  of  the  eastern  schists  had  been  made,  in  this  way. 
The  Lough-Foyle  and  Kilmacrenan  series  of  the  author  were 
evidently  the  result  of  regional  metamorphism,  and  pos&ibly  meny 
original  groups  had  been  involved  in  the  action. 

Mr.  Blanfoho  mentioned  that  some  interesting  evidence  had 
recently  been  brought  forward  by  Colonel  il'^Mahon,  showing  that 
certain  Himalayan  gneisses  were  iutnisive.  If  the  differences 
between  the  Lough-Foyle  rocks  and  the  Pebidian  of  St.  David  s  were 
such  that  thcfio  two  could  not  have  been  identitied  by  mineral 
characters  unless  connecting  links  had  occurred  in  Wicklow  and 
Anglesey,  was  it  not  absurd  t-o  endeavour  to  identify  either  of  them 
with  beds  in  North  America?  The  determination  of  tho  age  of 
rocks  in  distant  countries  by  mineral  characters  had  formerly  been 
applied  to  sedimentary  beds,  then  to  igneous ;  it  had  long  been 
abandoned  in  the  former,  and  was  gmdnally  being  given  up  in  tho 
latter,  and  there  was  much  reason  for  caution  in  applying  the  same 
key  t-o  ancient  altered  formations,  the  succession  in  which  was  often 
very  obscure. 

Mr.  Mark  considered  that,  in  order  for  the  correlatioD  to  be 
safe,  the  Pebidian  must  be  traced  across  ;  but  vulcanjcitv  continuid 
up  to  and  throughout  Cambrian  times,  so  that  Cumbrian  rocks,  if 
altered,  would  be  undistiuguishable  from  the  f  cbidiam 
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The  Pbrsident  said  that  he  had  been  unable  to  examine  the  spe- 
rimens  in  minute  detail,  but  had  carefully  looked  through  them. 
Of  the  so-called  granites,  seven  out  of  eight  were  certainly,  and 
the  remaining  one  probably,  granites.  They  gave  indication  of 
considerable  crushing  since  their  first  crystallization.  Of  other 
rocks  there  was  good  evidence  of  two  series,  one  agreeing  in 
general  characters  with  Scotch  schists,  the  other  with  the  Pebidian 
of  Wales.  He  doubted  Mr.  Teall's  evidence  of  the  production  of 
all  schists  by  crushing.  As  regards  mineral  character,  he  thought 
that  the  general  condition  and  amount  of  alteration  of  rocks,  rather 
than  their  actual  mineral  composition,  should  be  employed  for 
correlation. 

The  Author,  in  reply,  suggested  that  the  production  of  the 
garnets  in  the  limestone  might  be  due  to  a  chemical  action  of  water 
from  the  granite  in  contact.  He  regarded  a  grit  as  *'  mineralized  " 
when  dbtinct  mineral  folia  had  been  produced  between  the  grains. 
The  omission  of  the  word  "  Northern  "  before  *'  Donegal "  in  the 
title  of  his  paper  was  an  oversight,  which  he  would  correct.  He 
had  not  attempted  to  definitely  correlate  the  Donegal  rocks  with 
any  American  system,  but  had  merely  pointed  out  certain  litholo- 
gical  analogies.  His  identification  of  Pebidian  rocks  in  Ireland  had 
Dot  been  based  only  on  lithological  aflinities,  but  he  had  specially 
insisted  on  their  state  of  crystallization  and  upon  the  fact  that  in 
Wexford  they  occurred  side  by  side  with  unaltered  Cambrian  and 
Ordovician  sediments,  separated  from  them  by  sharp  lines.  The 
difficulties  suggested  by  some  of  his  critics  would,  he  thought,  be 
removed  if  it  were  remembered  that  in  some  of  the  British  localities 
the  Pebidian  rocks  were  mainly  of  volcanic  origin.  He  had  com- 
pared the  Lough-Foyle  series  with  the  British  Pebidian  in  the  non- 
volcanic  districts. 
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25    Oil  a  Skull  of  Ovibos  moschatos  from  ih«  Sea-botiom.    By 

*  W.  Boyd  Dawkiss,  Esq.,  M.A.,  F.U.S.,  F.G.S.,  Professor  of 
Geologj-  and  J'Blffiontology  in  ttie  Viotoritt  University.  (Bead 
Febrim'ry  25,  1885.) 

In  a  discussion  on  my  essay  "On  the  alleged  Existence  of  Ovihoi 
mo„-Imtus  in  the  Forest-bed,  and  its  Range  in  Space  and  Time  , 
douhta  were  thrown  on  the  specimen  on  which  the  paper  was 
founded  as  having  reallv  been  derived  from  the  Forest-bed.  On  Ihe 
one  baud  it  waa  argued  by  Prof.  Frcstwich  that  it  w«  possiMy 
derived  from  some  newer  deposit,  and  on  the  other  by  Mr.  tvani 
that  it  was  a  dred-ed  siwcimon.  Since  the  pubUcation  of  the  paper 
Mr  Clement  Keid  has  carefully  re-esnmined  the  specimen,  and 
agrees  with  me  iu  concluding  from  the  matrix  tliat  it  is  "agenmne 
For«at-bed  speeimeu,"  and  that  it  has  not  been  dredged  t.  Ibe 
interest  attaching  to  the  discovery  of  so  arctic  a  species  m  the 
Forest-bed  has  led  me  to  search  for  further  evidence,  and  the  senrdt 
has  resulted  in  the  discovery  of  another  skull,  which  is  the  prwxi- 
mate  cause  of  this  communication.  .  ,.     • 

Shortly  after  the  publication  of  my  essay  on  OvihotiMtehtUm  u 
the  Journal  of  the  Society,  Professor  Newton  tddmeof  thcexMtence 
of  an  undescribed  specimen  of  OvUm  iu  the  University  Maseum  of 
ZooloRV  and  Comparative  Anatomy  at  Camhndgo.  llr.  J .  \V  -  tlMM 
ha-s  been  kind  cnou-h  to  send  it  to  me  with  the  accompanying  note. 
"  My  assistant  saw  it  hansing  np  outside  a  geueriJ  store  and  can- 
ositv  shop  in  Barnwell,  and  gave  2s.  Orf.  for  it.  The  proprietor  of 
the  esUhlishmfnt  could  give  no  account  of  it."  An  examinaUon  of 
it,  however,  leaves  no  doubt  on  my  mind  as  to  its  derivation.  It  u 
hi2l.lv  impregnated  with  peroxide  of  iron,  and  in  one  spot  betweea 
the  horu-cores  showed  frat^ea  of  the  red  sand  matrix  of  the  Forwt- 
bed.  It  is  stained  deep  red,  ns  is  generally  the  case  with  speci- 
Diene  which  h.-»ve  been  washed  out  of  the  Forest-bed  and  exposed 
for  sorae  time  to  the  sea-water,  and  it  had  evidently  been  at  the 
bottom  of  the  sea  for  some  time,  since  it  is  incrusted  m  places  witft 
Poly zoa.  The  fact,  moreover,  that  these  occur  on  t  ho  fractured  sur- 
faces proves  that  the  specimen  was  lying  at  the  tottom  of  the  tern 
as  a  fragment.  Its  sharp  angles  forbid  the  supposition  that  Jtnw 
be«n  exposed  to  the  dash  of  the  sea  on  the  shingle.  In  a  word,  it 
possesses  all  the  characters  of  specimens  obtained  by  the  flsbermwi 
from  the  North  Sea  off  the  coast  of  Norfolk  and  t,nftolk  «»J jrhi^ 
have  been  wa..hed  out  of  the  Forest-bed  at  a  time  when  Ibe  diff*  no» 
BO  rapidly  retreating  were  not  far  from  the  line  of  the  J^e^f  Omt. 

Between  the  l>o^er  Bank  and  the  present  diffij  of  JM-t  AngUa 

•  Qunrt.  Journ.  Owl.  Soc.  Nov.  1«A3.  vol.  xaii.  p.  581.  _.^.^  j_ 
t  "  Through  tho  kindness  of  Mr.  Buiton.  I  li.ve  bad  u  opport«n.t)rrf«*- 

amining  the  .kulJ,  and  feel  no  doabt  that  it  i.  a  gemmie  ^^.""^^  '^'^^ 
iTu  certainly  not  dredged  ;  for  tb.  »ngl»  are  an»on,  tbc«  «  »»  •"•'T 
irmni.m.  on  it,  .nd  thi  loose  »nd  inwde  i.  not  w.-«..d.  I  udef  ^^ 
K^  11,0  »«r>dT  iii.trii  ia  ei<«Jly  like  .be  co»r-e  q«.rl»-«nd  ..f  the  f^f^ 
„.d  n.,l  hire  the  .«ud  of  'h.  gbicinl  depo„t.  or  .ho™  ^  Q'«r""',Pf^'^ 
Dwted  ,n  a  cv.tT  uUn  agreee  with  the  peculmr  p^bblei  f°7^.Ji»J~iJ^"''*^ 
Q.-    Tr.us.  of  the  Norfolk  and  Suffolk  N«turalj»^ite(Wlt^^jiG»»gK 
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the  sea-bottom  is  strewn  with  similar  waifs  and  strays  from  the 
Forest-bed,  as  may  be  seen  by  comparing  it  with  a  specimen  on 
the  table  from  Mr.  Coleman's  collection  at  Gorton.  "When  it  is 
further  added  that  there  is  no  other  locality  than  that  of  the 
Forest-bed  series  on  record  wbich  has  furuished  specimens  possessed 
of  the  above  characters,  there  is,  in  my  opinion,  little  room  for  doubt 
that  this  specimen  was  derived  from  the  Forest-bed,  and  dredged 
from  the  bottom  of  the  North  Sea,  somewhere  off  the  coast  of  East 
Anglia. 

The  specimen  in  question  consists  of  the  coronal  and  frontal 
portions  of  the  skull  with  the  horn-cores  and  the  right  orbit  of  an  old 
male  Musk-sheep.  It  has  been  fractured  at  the  parieto-occipital 
Buture ;  and  the  whole  of  the  occiput  and  the  greater  part  of  the 
basal  region  has  been  broken  away  so  as  to  expose  the  upper  part 
of  the  brain-cavity,  and  to  reveal  the  enormous  thickness  of  the 
frontals  and  parietals  supporting  the  horn- cores,  the  parietal  thickness 
being  2-4  and  the  frontal  2*1  inches. 

SkuU  of  Ovibos  moschatus.  Forest-bed, 
(One  fourth  natural  size.) 


The  horn -cores  (a,cr,  in  figure)  occupy  nearly  all  the  parietal 
surface,  nearly  meeting  in  the  median  line  of  the  frontals  (6),  and 
sweep  sharply  downwards  at  right  angles  to  their  coronal  surface,  as 
is  usually  the  case  with  old  males  of  Ovihos  moschatus.  They  are 
deeply  excavated  on  the  upper  surfaces  for  the  insertion  of  the  base 
of  the  horns,  far  more  deeply  than  in  any  skull  of  Musk-sheep  which 
I  have  examined,  excepting  the  skull  found  in  Eschscholtz  Bay. 

It  is  comparable  to  that  of  the  fossil  Ovihos  cavifrons  of  North 
America  described  by  Prof.  Leidy  ♦.     The  horn-cores,  however,  differ 

*  *  Smithsonian  Contributions  to  Knowledge,'  v.  Article  3.    Journ.  Acad. 
Kat.  Sd.  Philad.  2nd  series,  vii.  p.  374.     See  also  my  British  Pleistoceni^rAQlp 
Ifammalia,  PaliBont.  Soc.  part  v.  chapter  6.  ^c^ 
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irnm  llioho  ikf  \\\nt  sjiE'i  it'H  in  tbp  (net  tbril  they  art*  not  cod  fluent  io 
the  mteiiiin  litit'  nf  llit'  frvJiitulH,  nud  dn  not  L.\tend  id  troat  a*  tar  W 
tlie  jilrini.*  of  the  i>rliiu  III  llu*  nifdi.iii  liiie,  jlj  wlII  a^i  in  the  abrupT 
do^\  iiwanl  BWtr|)  ol  ihinr  L^xfrcruitics, 

Thr  priiK'iji.il  m»':it5iirrnit*nt.-*,  ns  yompar**J  with  other  spettmeujs, 
die  giv^si  in  ihr   J'sillnwitiL;  J'mIiIo  i— 

Mt,t>Kf(rt  itttH^H  of  Ui*rit-<'i*ft:t('  <i/'(jTjbuEi  mopchatus. 
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Thr  finnf  Js  in  frMJl  ol'  ibi*  ticfrn-cntv-i  hth  smooth,  and  the  rid^ 
(^xi»'inliiiiii;  iHM'it^^  thr  inrLlioad  in  ->olui"  nld  mules  from  one  §upfi* 
orbit;il  furuM  n  tu  auollKT  i.i  iDcri'lv  iiuliuiitL'd  by  a  ^futle  risi?,  lo 
Cfjiictndin^  Uiirf  ni»lii.^%  it  only  remains  tor  lue  to  iidil  that  the  sktU 
is  thtj  niiilh  s|»ei'iDi«-'Li  ot"  tliia  rare  frj^>il  from  Britiiih  PleUtODilii 
doposiLs,  ;in4  ihe  .'^r'LNjud  rofoniblo  with  high  probability  to  tlio  hoiUiOii 
of  thti  pru-glafia.1  Fuie&t-ljid. 

Discrssiox, 

Mr ,  r L K \[ KN  r  n I : itm i o uh i c d  w1  i <  I b * ■  r  t !u*  spt^i ni ea  deaeribed  rctHj 
ciamr  from  tho  IVri^^t-btHl.  It  liMjkfd  moro  roeent  and  was  lightly 
coloure*!.  IJi^  al^tj  talltd  ulttvoti<jn  to  the  tact  that  the  speciDliai 
broiii^lit  for  <'onj[)arison,  and  b^t:it4*d  to  bi.^  from  the  For€«t^bi<d  ll 
rukolioid,  hud  on  it  tru<  os  of  niurino  organii*m3^  and  %  Islel 
t^totini;  that  it  wan  drodgod  at  a  distance  of  yu  or  40  milai  ^ 
I^outhwold. 

\h\  "W'ooiiwAHfs  romarliod  th;it  bi»th  the  specimens  exhibited 
appoai'ed  to  ln'  fr«im  thi.*  Do^f^nr  Bank.  More  information  wm 
retjuirud  to  d^'tonuino  whothor  tht-se  spe^ciraens  were  pre*  or  poit- 
glaciaL  >\t  tlio  sumo  lime  tku  ovidence  t-oUeeU^d  bj  the  Author  wu 
of  <^v\^xi  iinjinrtrinei*. 

Mr.  I'L  T.  Nkwton  also  doubt(^d  whether  the  age  of  these  foovili 
WQs  sati^tUttorily  estubliwhtML  Their  appearance  was  lusulSdeEltli 
dotermiiio  that  they  came  from  the  Forc^t-bed,  beeause  majif  fontll 
bavf  bfon  rofrrn^d  in  collections  to  this  bed,  wliich  wen?  t^\j  of 
unknown  doii ration,  especially  eertjiiii  speeimetis  which  weiv  of  i 
dark  enlour  outsidi^  and  paler  within,  8(iecimena  from  the  Bo^gif 
Bank  were  ^em^ rally  hoiivier  than  thojie  from  the  Forestr-bei 

The  Ai' TKOK  in  reply  aaid  that  tlu'  only  point  ugreed  upon  wtemA 

tn  h«^  thul   rbi' -r>ri  j[ii(H  W'wA  dmlL'^rfl  in  Ibr  Xnrth  -^/h.       D?3nfi«r  *^'* 

last  twenty-five  years  he  had  studied  the  Mammalia  of  the  Easteni 
Counties,  and  was  acquainted  with  the  collections  from  the  Dogger 
Bank.  These  were  less  mineralized  and  lighter  than  those  of  the 
Forest-bed.  The  skull,  in  his  belief,  was  identical  in  miaeral  oondiUon 
with  undoubted  Forest-bed  specimens.  Digitized  bTvjOOg 
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26.  On  the  Gbologt  of  tTie  Rio-Tinto  Mines,  with  some  General 
Bemabks  on  the  Ptbitio  Eegion  of  the  Sierra.  Morena.  By 
J.  H.  Collins,  Esq.,  F.G.8.     (Read  January  28, 1885.) 

[Platb  VI.] 

1.  Introduction. 

The  pyrites  deposits  of  the  Andevallo,  as  the  mineral  zone  of  the 
south-western  branch  of  the  Sierra  Morena  is  called,  are  certainly 
the  most  extensive  ever  yet  discovered.  In  addition  to  the  world- 
£unous  mines  of  Rio  Tintoand  Tharsis  in  Spain,  and  of  San  Domingos 
in  Portugal,  they  include  many  others  of  very  considerable  extent 
and  importance,  yielding  in  the  aggregate,  at  the  present  time,  up- 
wards of  two  and  a  half  millions  of  tons  of  ore  per  annum*. 

The  deposits  in  question  are  included  within  a  band  of  country 
about  140  miles  long  and  30  miles  wide,  consisting  for  the  most 
part  of  Palaeozoic  schists,  now  known  to  be  principally,  if  not  en- 
tirely, of  Upper  Devonian  age,  but  which  are  often  very  highly 
metamorphosed  locally  into  jasper,  talc-schists,  chiastolite-schists,  &c., 
and  are  associated  with  quartz-  and  felspar-porphj-ries,  diabase, 
quartz-syenite,  and  granite.  The  mineral  strata  to  the  northward 
abut  against  or  rest  upon  the  highly  crystalline  schists  and  gneissose 
rocks  of  the  Sierra  Alta,  which  have  been  assigned  to  the  Huronian 
and  even  to  the  Laurentian  period,  while  to  the  southward  they  are 
OTerlain  by  Tertiary  limestones  and  sandstones. 

The  chief  mineral  riches  of  this  region  consist  of  masses  of  cupri- 
ferous pyrites,  such  as  those  so  largely  worked  at  the  above-mentioned 
mines ;  but  there  are,  in  addition,  numerous  veins  of  manganese 
ore,  as  well  as  of  lead,  copper,  and  zinc  ores,  some  of  which  have 
been  worked  occasionally  to  considerable  advantage,  while  a  very 
large  number  of  them  could  be  so  worked  were  the  country  more 
opened  up  by  railways  and  roads. 

2.  General  Character  and  Associations  of  the  Pyrites  Deposits. 

Commencing  near  Aznalcollar  and  Castillo  de  las  Guardas,  in  the 
province  of  Seville,  the  masses  of  pyrites  succeed  each  other  at  short 
intervals,  proceeding  westward  through  the  middle  of  the  province 
of  Hueha  to  San  Domingos  in  Portugal  t.  The  more  important 
masses  are,  however,  contained  within  a  much  more  circumscribed 
zone,  which  is  not  more  than  three  or  four  miles  wide  at  the  eastern 

*  The  official  statement  in  the  '  Bevista  Minora '  giyes  1,720,853  tons  as  the 
total  production  of  the  Spanish  deposits  in  1882,  since  which  there  has  been  a 
Tery  considerable  increase.  In  1884  the  mines  of  Rio  Tin  to  alone  produced 
1,369,918  tons  of  ore,  containing  on  an  average  3*234  per  cent,  of  copper. 

t  This  region,  besides  supplying  nimierous  tributaries  to  the  rivers  Quadal- 
quivir  and  Guadiana,  is  the  source  of  the  considerable  river  Odiel,  which,  with 
its  chief  tributary  the  Tinto,  enters  the  sea  at  Huelva. 
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ertremitr,  but  which  divides  ioto  two  branches  in  going  wwtvtrd, 
the  ^nailer  and  less  important  trending  a  little  to  the  north  of  weit 
towards  Aroche,  while  the  greater  passes  to  the  south  of  weit  into 
Portugal  at  San  DomiDgos. 

I  do  not  propose  to  describe  this  ertensire  region  here  *,  hut  the 
description  which  follows  of  the  Bio-Tiato  district,  and  of  the 
relatioEB  of  its  mineral  depofiita  to  the  country  rocks,  will  apply 
with  very  considerable  accuracy  to  the  whole  region,  aJlowaaoe 
being  made  for  the  greatly  diHerent  extent  of  the  Tarious  deposits. 
The  more  important  mineral  masses  throughout  the  region  an»  Tery 
frequently  true  **  cM>ri tact-deposits,*^  and  I  believe  the  more  dotely 
they  are  examined  the  more  generally  thb  will  be  found  the  case. 

3.  General  Dtscri^dion  of  the  Mio'Tinto  distriri. 

Briefly  the  structure  of  this  district  may  be  described  as  tmder:— 
The  greater  portion  of  the  country  represented  on  the  accompanjiiig 
map  (Plate  VL)  consists  of  Pala&ozoic  slates  and  schists,  striking  aooie 
few  degrees  to  the  north  of  west,  and  dipping,  fur  the  moet  pwt, 
steeply  to  the  northward.  These  slates  have  been  pierced  by  in- 
trusions of  syenite,  of  diabase  or  dolerite,  and  of  quartz-porphyry 
and  felspar- porpbjr}'.  Fissures  have  then  been  opened  in  the« 
rocks  along  linos  of  weakness,  mostly  determined  by  the  junctions 
of  the  porphyries  with  the  slates,  and  these  fissure--*  have  become 
filled  in  their  wider  ])ortions  with  rock  debris  or  with  pyrites.  The 
section  fig.  2,  Plate  VI.,  shows  the  manner  in  which  the  vaiioos 
rocks  are  convoluted  and  in terst ratified. 

The  Slates. — At  and  around  the  mines  of  Rio  Tin  to  these  are 
certaiiily  of  Palaeozoic  age,  but  their  exiiet  geological  horizon  has  only 
laibely  been  determined.  At  one  time  they  were  stated  to  be  entiroLy 
unfossiliferous ;  then  they  were  said  to  be  iSilnrian  t.  Messrs.  Romer 
and  Wimmer  consider  them  to  be  the  equivalents  of  the  culm- 
measures  J  ;  while  Br.  Fraas,  of  Stuttgart,  on  the  occasion  of  his 
visit  to  the  mines  in  1883,  came  to  the  conclusion  that  they  were  of 
Upper  Devonian  age,  and  this  conclusion  is  fully  borne  out  by  the 
examination  whicli  Dr.  Etberidge  has  been  kind  enough  to  make  of 
the  fossila  which  I  obtained  and  submitted  to  him.  Fossils  are 
tolerably  abundant  in  scvcntl  places  in  close  proximity  to  the  mineral 
deposits.  As  might  liavo  been  cxi>ectc»d,  they  are  usually  much 
crnshetl  and  distorted,  yet  it  has  he^n  possible  to  determine  Mjrcral 
species,  the  most  common  being  Foudonomya  Bei^hcri^  JK  acutieotla^ 
1\  liiirralh  (?),  a  Gtj/mitfk  allied  to  G.  suf»^ukatui^  and  a  plant 
which  nmy  be  a  Sttfjeiiana.  Don  Joaquin  Tarin,  in  his  memo 
published  in  1878,  states  that  he  has  also  met  with  a  little  (hniatik 

*  The  muin  portioii  of  this  region,  that  comprlfled  witlnn  the  prortiM:9«# 
llui?iT!i,  baa  been  very  fully  and  faithfully  d'^smbed  Hy  Sr.  Dn.  Joti^ttUI  Ocw- 
«alo  y  Tnriti  iu  ihty  '  Boleliao  d©  b  Coiuisiou  did  Mapa  (ieologica  w  Enoa,* 
loL  T.  187^.  ThiF  author  gives  al^o  a  Tery  good  geologicil  uiftfi  uT  tha  Aad*- 
Tilllo  on  u  scale  uf  ^nthoa* 

t  Quart.  Joum,  Ge^l.  Socs.  toI.  xjocTii.  p.  2. 

t  Berg.  u.  Hutt.  Zeit.  Not.  2ft-3a,  1883. 
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reeembling  the  O,  crenistria  of  Phillips,  an  Aviculay  an  Orthoceras, 
and  two  speoimens  of  Crossopodia  ;  but  these  were  not  found  within 
the  area  included  in  my  map,  although  they  are  stated  to  have  all 
occurred  associated  with  Posidonomya  Becheri*,  Many  of  these 
fossilB  were  found  enclosed  in  concretionary  nodules. 

Up  to  the  present  time  fossils  have  been  discovered  in  eight 
different  localities,  all  situated  within  half  a  league  of  the  village  of 
Bio  TintOy  and  all  within  a  furlong  of  the  mineral  deposits  f. 

For  the  most  part  the  slates  are  either  vertical  or  very  highly  in- 
dined  (see  Plate  VI.  iig.  2) ;  and  with  a  few  local  exceptions  the  dip 
formiles  together  is  northward,  while  the  strike  is  from  15*^  to  25°  north 
of  west.  At  the  surface  the  slates  are  mostly  weathered  to  a  yellowish 
or  brownish  tint,  with  occasional  bands  nearly  black  ;  but  in  almost 
all  the  excavations  a  dark-blue  tinted  rock  is  soon  reached,  more 
or  less  approximating  in  character  and  appearance  to  roofing-slate. 
Up  to  the  present  time,  however,  no  slate  has  been  met  with  of 
marketable  value. 

The  following  are  analyses  made  in  illustration  of  this  paper : — 

(A)  is  of  a  specimen  taken  from  an  adit-level  driven  recently  by 
the  Ayuntamiento  of  Eio  Tinto  into  the  hill  known  as  the  Mesa  de 
los  Pinos  for  the  sake  of  obtaining  a  supply  of  drinking  water,  the 
place  selected  being,  therefore,  situated  at  a  considerable  distance 
from  the  pyrites  deposit.  The  specimen  selected  was  very  dark  blue 
and  excee&igly  dose  and  compact  in  texture. 

(B)  is  a  sample  of  weathered  rock,  originally  of  very  similar 
character. 

A  B. 

Water  by  desiccation 0-261     .^^     0-20  \    «  ^^ 

„      by  ignition 4-46  /    *'  ^^     2-50  J    ^' '  ^ 

Silica 61-12  64-47 

Alumina 18-95  19-22 

Protoxide  of  iron 9-65  trace. 

Peroxide  of  iron     trace.                  9*20 

lime 0*49  trace. 

Magnesia    0*72  trace. 

Pyrites    0-30                  0-10 

Alkalies,  calo.  as  potash . .  2-19                   3-21 

Copper    trace.  trace. 

Phosphoric  acid 0-12  trace. 

Loss    1-74                  1-10 


100-00  100-00 

Sp.gr.  2-73   Sp.gr.     2-71 

^  As  illustrating  the  amount  of  extension  which  a  shell  may  undergo  from 
Utenl  pressure,  I  may  here  call  attention  to  a  statement  of  the  author  above 
quoted  that  he  has  in  his  possession  specimens  of  P,  Becheri,  160  millimetres 
(mj  6  inches)  long. 

t  The  first  fossils  in  the  slates  were,  I  belieye,  found  by  Mr.  0:$bome,  now 
the  deputy-manager  of  the  Bio-Tinto  minee,  at  the  point  marked  A  on  the  map, 
while  maiking  toe  railway  leading  to  the  Cerro  pump.  I  hare  found  many 
others  at  B  which  seem  to  be  from  the  same  bedj,  arched  over  as  shown  in  the 
■ection. 
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It  will  ho  Been  from  these  analyses  that  tbe  result  of  weathering 
is  to  reduce  the  amount  of  ciimhined  moisture,  to  dissolve  oat  the 
liEoe  antl  magnesia,  and  to  ijeroxidize  the  iron.  The  Jilkulies  do  not 
appear  to  have  heen  removed  in  tbe  process  of  weathering ;  in  fact 
the  second  shows  somewhat  more  than  the  first.  AM  this  is  exactly 
what  might  have  been  expected  of  such  a  rock,  in  such  a  climate, 
where  considerable  alternations  of  temperature  are  contmuiilly 
occurring,  while  there  is  ordin airily  but  little  change  in  the  hygro- 
metric  condition  of  tho  atmosphere. 

Reference  has  been  made  above  to  the  prevalence  of  a  northern 
dip  at  a  high  angle.  In  a  distance  of  eix  miles  from  N,  to  S.  I 
have  only  discovered  as  yet  three  antiehmd  curves,  and  this  not- 
withstanding the  fact  that  the  bare  rocku  are  everywhere  visible* 
These  ore  ehown  on  the  accompanying  enlarged  cross-section  of  part 
of  the  region  shown  on  the  mop  (Plate  YI,  fig.  2).  It  would  appear, 
therefore,  that  these  ancient  filatea  have  a  very  great  thickness  here  w 
in  many  other  places.  The  three  anticlines  referred  to  may  be  seen 
at  the  Rejondillo  near  the  new  bridge,  in  the  valley  of  the  liio  Agrio» 
and  on  the  Rio-Tinto  railway  between  Nay  a  and  Jararaar.  In  many 
places  tlie  slates  are  more  or  less  sandy  in  appearance;  they  pass,  in- 
deed, into  a  grey  fissile  sandstone,  Tho  development  in  coarse-grained 
varictiea  of  these  rocks  of  erj'stalline  particles  of  quart/,  and  felspar, 
tho  latter  now  for  the  most  part  somewhat  kaolinized,  results  in  the 
formation  of  a  rock  scarcely  distinguishable,  except  by  the  use  of  a 
lens,  from  the  more  schistose  varietiea  of  the  porphyries  hereafter 
to  be  described. 

In  seme  places  the  slates  enclose  fragment®  of  preexisting  rocks, 
rounded  or  angular.  In  others  small  lumps,  hands,  or  lenticular 
masses  of  qnartzite  occur  imbedded  in  the  slates,  having  all  the 
appearance  of  foreign  enclosures,  but  which  I  have  reason  to  believe, 
in  some  instances,  are  merely  portions  of  the  original  rock  of  more 
Sandy  texture  than  usual,  which  have  become  silicified  by  aqueooa 
agency,  the  siliceous  waters  having  found  in  them  fit  situations  in 
which  to  deposit  their  silica.  Subsequently  the  contemporary  qoartir 
ites  have  become  traversed  by  joints  which  do  not  enter  the  nuun 
mass  of  the  slate,  so  that  tbe  silicified  portions  completely  simolato 
foreign  enclosures.  These  phenomena  may  be  well  seen  at  acrefal 
points  on  the  road  from  Zalamea  to  Valverde ;  and  they  are  par- 
ticularly well  marked  on  the  hill  betT^een  Zidamea  and  the  halfiray 
house  on  the  road  to  Rio  Tinto.  Here  great  manses  of  this  quarts* 
ite,  some  of  them  several  yards  in  extent  and  many  tona  in  weig^ 
occur  in  slate,  having  nil  the  appearance  of  included  fhigmeats,  but 
which,  I  believe,  have  heen  formed  as  stated  above. 

In  the  neighbourhood  of  the  pyrites  deposits  the  ochiats  are  ofttti 
highly  charged  with  pyrites,  as  might  be  expected.  I  belifte, 
indeed,  that  they  have  supplied  tho  materifU  for  those  deposnta^  hat 
this  part  of  tho  subject  will  bo  reverted  to  hereafter. 

The  pyritous  schists  near  the  surface  are  sometimes  changed  ioto 
ferruginous  schists  by  the  oxidation  of  the  pyrites.  Mora  oftifit 
however,  the  silicified  ferruginous  bands  which  indicate  the  ] 
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of  pyritoofl  deposits,  appear  to  have  been  produced  by  infiltration  of 
mineral  solutions  ^m  lakes  of  ferruginous  water  which  formerly 
existed.  The  effect  of  this  infiltration  has  been  to  indurate  the 
nearly  vertical  schists  in  such  a  manner  that  masses  of  them  have 
resisted  denudation,  and  now  form  ridges  higher  than  the  surround- 
ing country.  In  the  neighbourhood  of  the  fissures  here,  as  else- 
where (Agordo,  &c.),  both  schists  and  porphyries  are  often  bleached 
and  kaolinized. 

Jasper, — In  a  great  many  places  fine-grained  bands  of  the  slates 
foUowing  the  strike  are  found  to  be  silicified,  and  converted  more  or 
less  completely  into  excellent  jasper,  mostly  red,  but  sometimes  of  a 
deep  green  tint.  The  transition  from  the  unaltered  slate  to  the  jasper 
is  often  abrupt,  but  occasionally  very  gradual,  and  specimens  may 
easily  be  obtained  in  all  stages  of  alteration.  The  production  of  this 
jasper  does  not  appear  to  be  necessarily  connected  with  the  presence  of 
intrusive  rocks  at  the  surface,  since  some  well-marked  bands  are 
situated  at  a  considerable  distance  from  such  rocks.  At  the  same 
time  it  must  be  admitted  that  the  fijiest  and  most  extensive  bands 
are  situated  very  near  the  porphyries.  In  many  cases  these  jasper 
bands  accompany  bands,  nodules,  or  "  eyes  "  of  very  pure  peroxide 
of  manganese,  to  which  further  reference  will  be  made  hereafter. 

Bie  following  (C)  is  an  analysis  of  one  of  these  red  jasper  bands 
from  near  Bella  Vista : — 

0. 

SiUca 90-30 

Peroxide  of  iron    6*00 

Alumina    1'30 

Lime -30 

Magnesia '10 

Manganese trace. 

Alkalies -30 

Water    -40 

Loss  1-30 


100-00 


Assuming  that  the  original  slate  had  pretty  much  the  composition 
of  analysis  A,  a  comparison  of  this  analysis  with  C  will  show 
how  great  the  change  has  been.  It  is  npt  merely  that  there  is  a 
great  addition  of  silica,  but  almost  the  whole  of  the  other  con- 
stituents have  been  carried  off  except  the  oxide  of  iron,  and  the 
ratio  of  that  to  the  silica  has  been  reduced  from  -f  to  -j^. 

Syenite, ~K  few  miles  to  the  north  of  the  mines  is  a  broad  band 
of  syenite  running  nearly  in  the  same  direction  as  the  slates,  which 
I  bcdieve  to  be  more  ancient  than  any  other  of  the  eruptive  rocks  of 
the  district.  In  the  neighbourhood  of  Campo  Frio  it  has  a  breadth 
of  nearly  four  miles.  It  is  a  perfectly  typical  quartz  syenite,  and 
is  itself  penetrated  by  veins  and  masses  of  diabase,  often  much 
decomposed,  and  by  dykes  of  quartz-porphyry  and  of  felsite,  much 
resembling  the  more  compact  of  the  elvans  of  Cornwall.     It  is  also 
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traversed  by  mineral  veins  yielding  ores  of  load  and  copper,  but  of 
quite  a  different  cbaractx*r  from  those  which  yield  the  pyrites*  Tbe 
soil  in  the  syenite  regnon'*  ia  rieber  than  in  those  com]30sed  of  por- 
phyry or  slate.  Further  to  the  north  the  syenite  ia  succeeded  bj 
tiom blende-schists,  and  then  again  by  limestones.  I  reserve  a  fuller 
description  of  these  rocks,  which  nowhere  approach  within  &  leagu(» 
of  tbe  mines,  for  a  future  paper. 

Duihfise.'^The  chief  developmeTit  of  diabase  is  to  the  south  of  the 
mines,  where  it  occurs  in  extensive  masses,  in  part  intercalated 
with,  and  in  part  travemng,  the  slates.  The  general  strike  of  t^uis 
basic  rocks  is  a  little  to  the  south  of  west,  and  assoc^iated  withthtftt 
are  others  of  a  fragmentary  nature  which  have  much  the  appearance 
of  altered  ash- beds. 

The  diabase  beds  are  readily  discoverable  wherever  the}"  occur  h\ 
their  brown  colour  where  decomposed,  and  by  their  almost  univerBal 
tendency  to  spheroidal  decomj>osition.  This,  in  some  parts,  is  *o 
marked  that  the  mule-tracks  which  serve  as  roads  are  strewn  with 
rounded  masses  of  rock  varying  from  a  few  inches  to  a  foot  in 
diameter.  These  compel  the  attention  of  the  traveller,  even  wbflii 
not  a  geologist,  owing  to  the  extreme  inconvenience  which  they 
occasion,  especially  if  he  should  happen  to  be  a  pedestrian,  A^ 
stated  above,  rocks  of  a  very  eimilar  character  are  associated  with 
the  quartz-syenites  which  lie  more  to  the  north. 

The  decomposition  of  this  rock  produces  a  very  rich  soil,  which 
may  be  distingnisbed  at  once  by  its  vegetation  from  that  of  the 
slates  and  the  porphyries,  the  latt4?r  being  extremely  barren. 

The  following  analysis  (D)  will  ftiUy  account  for  thii^  richness  of 
the  soil.  The  large  proportion  of  '^  soluble  silica"  is  noteworthy  in 
this  analyaifl : — 

D. 

Water  by  desiccation . . 

„      by  ignition .... 

SUica  insoL  in  HCl.  . . 

Silica  sol.  in  HCl 

Alumina    ..........  17*2t> 

Prot-oxide  of  iron  (with  a  little  ]  ^  ^^,^. 

peroxide) J 

Lime , .  . ,  6*04 

Magnesia 4*74 

Soda  (with  a  little  potash)     . .  3'41 

LoM 1-55 


4m 

49*20 


100<iO 
Specific  gravity  2*9^1 
77ie  Porphifries.—ThGEc  arc  for  the  most  part  qnartz-porphjries. 
which  have  nothing  particularly  rcraiirkable  in  their  appeannci 
when  compared  with  eimilar  rocks  from  other  districts.  Some  U^ 
more  highly  qimrtzose  than  others,  but  in  all  ijorjibyritically  developed 
crystals  of  feli^par  of  more  than  microscopic  size  are  extratiMtj  ntf* 
except   in  a  few  localities.      Lithologically  two   Turietittt  9X9  £> 
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stmguishable,  compact  and  Bchistose,  but  paBaing  into  each  other. 
In  general  the  interior  of  a  mass  is  compact,  while  a  schistose 
stractnre  becomes  more  and  more  evident  as  the  outer  portions 
are  reached,  t.  e,  those  near  the  junctions  with  the  slate.  The 
difference  in  chemical  composition  between  the  two  varieties  of 
the  porphyry  is  by  no  means  great ;  and  I  am  disposed  to  believe 
that  the  sclustose  structure  has  been  developed  by  a  continuance 
of  the  same  pressures  which  have  converted  the  Palaeozoio  mud- 
stones  into  slates.  Eeference  has  already  been  made  to  the  existence 
of  bands  of  porphyritic  schists  (altered  shaly  sandstone)  in  the 
slates.  These  so  closely  resemble  the  bands  of  schistose  porphyries, 
that  it  is  not  in  all  cases  possible  to  distinguish  between  them 
in  hand  specimens;  indeed,  the  more  one  examines  these  rocks 
in  the  field,  the  more  one  is  disposed  to  regard  them  merely  as 
varieties  of  one  and  the  same  rock,  serving  as  intermediaries  in 
bridging  over  the  passage  from  undoubted  slates  on  the  one  hand  to 
undoubted  felspar-porphyries  on  the  other. 

The  following  analyses  of  various  specimens  of  the  porphyries 
will  show  how  closely  they  resemble  each  other.  I  add  an  analysis 
of  the  porphyritic  schist  for  comparison : — 

E.  F.  a. 

Porphvntio  Schistose        Very  tohd 

schist.  porphyry.        porphyry. 

Silica   64-50  67-00  76-34 

Alumina ' 23-60  20-30  14-86 

Oxide  of  iron 2-16  2-88  1*89 

lime    1-40  2-80      ^  010 

Magnesia 0-40  trace  0-60 

Pyrites    trace  trace  trace 

Phosphoric  acid 0-30  trace  0-05 

AlkaU  as  \x>tash 3-20  2-10  6-11 

Carbonic  acid,  fluorine, 

and  loss 4-04  4-22  0*76 


100-00  100-00  100-00 

Specific  Gravity  ..  ■    2-62  2-60  2-66 

Occasionally,  as  at  the  old-station  quarry  at  Rio  Tinto,  the 
porphyritic  sdhist  may  be  traced  right  up  to  its  contact  with  the 
compact  porphyry,  becoming  more  distinctly  crystalline  as  it  ap- 
proaches the  junction,  and  leaving  no  doubt  in  the  mind  of  the 
observer  that  the  intrusive  porphyry  has  been  an  active  agent  in 
producing  the  metamorphosis. 

It  is  remarkable  how  uniform  in  appearance  the  porphyries  are, 
even  when  taken  from  localities  widely  separated  from  each  other. 
Thus  I  have  specimens  from  Yalverde  on  the  south,  which  cannot  be 
distinguished  from  others  broken  near  Madrono  on  the  east,  and 
Poderosa  in  the  north. 

The  porphyritic  masses  are  usually  lenticular  in  form,  but  they 
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often  have  fimbriated  extf^mitifs  as  sbown  in  fif.  1,  mhen  ^ 
lode-fiAaare,  6  Uie  porpb>  rr,  and  c  Iht  able* 

Fig*  1. — Se^ii^M  tkomim^  Btr^tfrkk  Mat»a^ 


tmHie 


a.  Ifod^-fiamre. 


i.  PorpbjTy. 


c  Ski«L 


Their  general  direction  is  so  similar  to  the  strike  of  the  alatea,  and 
their  It^ngth  is  so  much  greater  than  their  breadth,  that  they  appear 
to  be  intcrstratificd,  unless  the  junctions  are  very  cloeeljr  exaimned- 
When,  however,  such  examinations  are  made,  the  true  nature  of  the 
association  of  the  rocks  i^  obvioua  enoiugh,  for  the  slates  abni 
againfit  the  porphyries  without  in  any  way  bending  round  them,  or 
else  the  porphyry  breaks  up  into  br^iches  and  fing«a,  which 
are  thnist  bet\^'ecu  the  laminte  of  the  slatea  as  in  fig  1.  This  laltir 
mode  of  oceurretuo  may  be  well  seen  on  the  hOl  above  Puerto  BiihiOi 
A  bendinfj  of  the  lamimc  of  slate  around  the  porphyry  is  almoift 
if  nut  quite  unknown. 

In  a  few  places  the  porjihyry  appears  to  be  much  like  granulitc. 
This  is  pai-ticnlurly  observable  between  the  Fuente  Fria  wat€X^ 
deposit  and  the  first  Mai  an  o.  Where  the  porphyries  meet  the  slat«§ 
by  a  faulted  junction,  as  is  frequently  the  case,  a  thick  mass  ol 
** fault  rctck"  is  often  observable  at  these  junctions.  This  maybe 
very  well  seen  in  the  railway -cutting  on  the  west  side  of  the  McM 
de  loR  Pin  OS  (see  fig.  2)  and  on  the  Zalamea  mad  about  half  a  W^ 

Fig,  2. — Section  in  Eailwa^-cnUmti  on  the  west  side  of  ike  Maa 
de  los  Pinos, 


L  Purphyry. 


r»  81at«, 


(/.  l«Valt-rock. 


west  of  Bi'lla  Vista^  both  localities  being  situated  on  prolongataoiu 
of  the  "■  Valley  lode  ''•.     It  is  also  well  seen  at  the  foot  of  tho  hlfl 

*  In  thi^  railvraiy- fault  tlie  Hlute*  (t?)  ans  iDclined  at  a  rerr  high  wigl«  tolht 
nortli.  Thev  imlv  appear  Lt>  hate  a  low  angle  because  of  the  direetioa  of  tht 
line  tff  teoitot),  wfiirh  fomit  but  a  very  fimall  angle  with  the  line  of  ilTikfli 
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below  Gangosa,  on  the  western  prolongation  of  one  of  the  branches 
of  the  North  lode.  This  fault-rock  consists  of  a  hardened  felsitic 
basis  of  disintegrated  porphyry  and  slate  enclosing  angular  fragments 
or  partially  rounded  masses  of  porphyry,  slate,  and  occasionally 
jasper — generally  angular,  and  occasionally  of  considerable  size. 
The  beanng  of  these  f&cts  upon  the  age  of  the  faults  is  obvious 


Apparently  the  motion  of  the  walls  has  broken  up  the  porphyries 
and  slates,  tJie  latter  having  been  previously  metamorphosed  into 
the  various  forms  noted  above.  In  places  the  fissures  must  have 
remained  open  for  a  considerable  time,  while  large  quantities  of 
fragments  fell  in  and  became  surrounded  by  clayey  matter. 

The  Iron-ores, — In  a  considerable  number  of  places,  always  on 
hiU-tops,  and  always  near  masses  of  pyrites  of  greater  or  less  extent, 
are  horizontal  beds  of  iron-ore,  consisting  of  angular  or  occasionally 
rounded  fragments  of  quartz,  slate,  and  other  rocks,  cemented 
together  by  peroxide  of  iron,  which  is  only  slightly  hydrated. 

The  proportion  of  quartz  or  other  matter  in  these  rocks  varies 
from  less  than  1  per  cent,  up  to  50  or  60  per  cent.  In  a  few  places 
these  beds  have  yielded  plant-remains,  which  indicate  that  they  are 
of  Miocene  age.  It  would  appear  that  they  were  formed  at  the 
bottom  of  lakes — the  ferruginous  matter  having  been  derived  from 
the  decomposition  of  the  pyrites  of  the  upper  parts  of  the  lodes — 
which  stood  much  higher  than  at  present.  These  beds  of  ore  occur 
at  various  elevations,  each  different  level  no  doubt  indicating  a 
period  of  approximate  constancy  in  the  level  of  the  waters,  the 
different  beds  having  been  formed  as  the  old  lake-boundaries  were 
broken  through,  and  new  ones  formed  at  a  lower  level*. 

The  following  patches  of  iron-ore  of  a  sedimentary  character 
appear  to  indicate  the  former  and  successive  existence  in  the  neigh- 
bourhood of  the  mines,  of  no  new  fewer  than  six  ferruginous  lakes. 
The  heights  given  are  merely  approximate,  as  determined  by  a 
pocket-aneroid.  The  patches  bracketed  together  appear  to  have  been 
once  continuous,  and  have  been  separated  by  subsequent  subaerial 
denudation. 

*  The  chief  of  these  depoeita,  that  of  the  Mesa  de  los  PinoB,  has  been  well 
described  by  Mr.  J.  A.  Phillips  in  his  paper  "  On  the  Occurrence  of  Remains  of 
Becent  Plants  in  brown  Iron-ore,"  Q.  J.  G.  S.  rol.  xrxTii.  p.  1.  He  gives  the 
following  analysis  of  a  sample  of  the  iron  ore  from  the  Mesa,  which  may  be 
taken  aa  a  pretty  &ir  average  restdt  for  the  ore  generally  exported,  except  that 
there  are  usually  present  a  few  per  cent  more  of  silica: — 

W.f^r  /hygrometric  1-40 

^*'*'^  I  combined  11-85 

Silica 1-63 

Ferric  oxide  84*66 

Alumina , trace. 

Phosphoric  anhydride '14 

Sulphur -23 

99-80 
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AboTe  »eii-leT«L  Abov»  ni-l«Til. 

'  CeiTo  Colorado. .  1794  ft,  4.     Rio  Tiutillo  . .  1370  ft 

Cerro  Salomon  . .  1761  „  .    f  Lois  Planes    . .  1200  „ 

Mesa  dc  loa  Fboa  15iH>  „  ^*  \  El  Lago    11S9  „ 

Ck^rrodelasTaeaa  1497  „  *i     La  Naja   ,.,,  1050  „ 

Bella  Vista   , .  _  1473  „ 

Atalava     1470  „ 


Notwith standing  the  geologically  recent  origin  of  these  ferrugi- 
nous  lake-deposita,  they  are  oton  traversed  by  qnartz-veins  filling 
shrinkagC'C racks,  and  occasionally  small  masses  of  opal  (Miiller'i 
glaas)  occur  in  eaTitie^,  showing  that  there  must  have  been  cifCttJ*- 
tioii  of  siliceous  waters  and  deposition  of  silica  in  geologicttlv 
recent  times  in  thL^  district. 

lu  addition  to  the  iron-ore  of  these  bill-top  deiwsits,  a  very  lii^ 
quantity  of  excellent  iron-ore  r>f  precisely  similar  character  has  been 
got  out  of  the  "  over  burden  ■ '  recently  removed  from  the  north  fldc 
of  the  great  ojien  cast  on  the  South  lode.  This  has,  1  believe,  been 
formed  by  the  degradation  of  the  ancient  bo<j-iron  defKJsits,  and 
has  sunk  down  over  the  pyrite^i  into  tlie  extenisive  pre-Romaii 
open  workings.  These  are  filled  with  breeciated  m  asses ^  consisting 
largely  of  fragments  of  the  iron-ore,  mixed  with  slate  and  porphyrr 
frequently  in  a  etat«3  of  complete  decora  position. 

Occasionally  the  pyrites  has  decomposed  near  the  surface  t«o  as  to 
form  a  true  *'  gozxan  "  extending  downwards  for  many  fathoms,  thus 
producing  a  ferruginous  substance  capable  of  being  used  as  iron-or© 
under  favourable  circumstances,  although,  as  it  contains  a  large  ad- 
mixture of  clayey  and  earthy  matters  from  the  sides  of  the  lodw, 
it  is  not  usually  preserved  as  such.  Samples  of  fhis  fermgiaon? 
earthy  matter  often  contain  from  35  to  45  per  cent,  of  metallic 
iron,  as  showTi  by  analysis. 

It  is  interesting  to  note  that  the  watera  issuing  from  the  minci 
even  now  depoflit  considerable  quantiti^  of  oxides  of  iron  in  thi< 
beds  of  the  rivers  wherever  there  are  convenient  situation*.  Hie 
following  are  analyses  of  wjme  of  these  subatances  ;  (Q) — yellow 
ochre  from  the  bed  of  the  Eio  Tinto  near  Manantiales,  about  20  mile* 
below  the  mines  ;  (I) — iron-ore  from  the  Rio  TintiUo : — 

H.  I 

Silica  and  insoluble     . .                    25'UO  13-^4 

Alumina  . 2*50  l*0(i 

Ferric  sulphate    ......  O'OO 

Ferrio  oxide. .  . . (40-80) =hydrate  57-78  73'0(> 

Arsenic    '  0*27 

Copper     , trace.  traee. 

Moisture  and  loss   . .  * .                      5-45  12"30 


100  00  lOiH)0 

The  following  may  be  regarded  as  tj'pical  analysev,  (J)  of  Ui« 
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natural  liquor  issuing  from  the  mines,  and  (K)  of  the  liquor  flowing 

from  the  cementation-tanks.  Each  of  these  is  found  to  deposit 

iron-oxide  wherever  the  waters  are  checked  so  as  to  allow  of  natural 
oxidation  and  evaporation. 

J.    Naturalliquor.         K.    Salida liquor. 

Ferrous  sulphate 4-091         54*276  grams  per  litre. 

Ferric  sulphate    -036           6-075            „ 

Aluminic  sulphate '504            -800            „ 

Manganous  sulphate    '003            '016            „ 

Zmcic  sulphate    -308          2-814             „ 

Cupric  sulphate   1*761            *282            „ 

Plumhic  sulphate     -009             *040            „ 

Calcic  sulphate    -259           1*026            „ 

Magnesic  sulphate '066            -312            „ 

Potassic  sulphate     -023            -020 

Sodic  sulphate     -052             *040             „ 

Sulphuric  acid  (free) 1*274             *752            „ 

Sodic  chloride *017             -039             „ 

Antimony  and  hismuth  . .  traces.         traces.             ,, 

Arsenic    -028             *078             „ 

Silica    -074            -026            „ 


8*505 


66*596 


Fyntes. — ^The  pyrites-masses  are  almost  always  contact-deposits, 
i.  e,  they  occupy  the  enlarged  portions  of  fissures  separating  two 
dissimilar  rockis.  OocasionsJly^  it  is  true,  both  walls  of  a  mass  are 
composed  of  the  same  rock  for  a  short  distance,  in  vertical  or  hori- 
zontal extension,  owing  to  the  fact  that  the  fissure  has  been  made 
more  nearly  in  a  plane  than  is  the  bounding-surface  of  the  two 
rocks,  a  phenomenon  which  has  been  frequently  observed  in  other 
districts*.  Some  few  of  the  deposits,  however,  appear  to  be  con- 
tained wholly  in  slate,  and  others  wholly  in  porphyry,  but  never  far 
from  a  junction  of  these  dissimilar  rocks. 

The  enlarged  portions  of  the  pyrites-lodes  of  Rio  Tinto  and  other 
parts  of  the  Sierra  Morena,  it  seems  to  me,  only  difier  in  degree 
from  the  "  shoots  "  and  "  courses  of  ore  *'  observable  in  connexion 
with  fissure-lodes  in  other  countries.  Owing  to  the  lenticular 
character  of  the  porphyritic  intrusions  which  occupy  the  original  lines 
of  weakness,  and  which  have  occasioned  those  openings  which  now 
form  the  lode-fissures,  the  junctions  between  the  slate  and  the  por- 
phyry are  subject  to  considerable  inflections  (see  map,  Plate  VI.) ;  and 
although  the  more  recent  openings  which  now  contain  the  pyrites 
have  not  followed  these  junctions  everywhere  exactly,  stiU  the 
result  has  been  to  produce  fissures  somewhat  more  made  up  of  varying 
directions  than  is  observable  where  a  simple  country-rock  has  been 
fissured. 

*  See  Poater  "  On  the  Great  Flat  Lode,**  Quart.  Joum.  Qeol.  See.  vol.  xErir. 
p.  640. 
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It  is  obvioiis  tliat  any  icovcmeat  of  one  side  of  a  Ensure  which  is 
not  a  perfect  plane,  must  result  in  bnDging  into  juxtaposition  pro- 
jecting pijrtions  of  tho  opposite  walls,  in  whatever  direction  the 
movement  may  have  been ;  and  conBeqnently  in  forming  irregular 
canities  of  greater  or  less  dimemions*. 

The  eavitios  having  been  thus  formed^  it  appears  to  me  highly 
probable  that  they  have  hecn  tilled  with  pyrites  by  infiltnition  from 
the  country  rocks.  Both  x^orphyry  and  slat6  are  almost  cverj' where 
impregnated,  and  the  joints  are  often  lined  with  pyrit-es,  which 
invariably  contains  a  trace  of  copper.  The  etnicture  of  the  pyrites 
masses  secraB  to  me  to  bear  out  thia  idea.  A  somewhat  banded 
arrangement  or  grain  of  the  pyrites  is  often  Tisible,  running  in  a 
longitudinal  direction :  and  frequently  portions  of  the  slate,  very 
highly  p}Tritiz£*d,  have  been  detached  from  the  walls,  and  endos«d 
within  the  main  mass.  Owing  to  the  absence  of  cavities  in  the 
pyritous  mass,  crystals  are  exceedingly  rare,  and  sometimes  it  is  lb- 
sol  utely  compact  and  stnictureless. 

The  **  lenticular  "  doiiosits  of  pyrites  vary  from  a  few  yards  up  to 
three  quarters  of  a  mile  or  more  in  length,  and  in  width  from  a  few 
inches  up  to  500  feet.  Frequently  two  or  more  of  these  are  connected 
together  by  a  thin  vein»  almost  a  thread,  of  pyritous  matter ;  and 
they  are  generally  traversed  more  or  less  by  veins  of  richer  ore, 
copper-pyrites,  copper-glance,  galena,  &c.,  and  occaaionaily  also  rf 
nearly  pure  iron-pyrites,  as  woU  as  b}^  veins  of  bBr3rtea  and  qn&rU, 
those  latter  running  in  a  direction  transverse  to  the  general  direotioo 
of  the  mass. 

Chara-cier  of  the  Ort\^As  the  average  copper  contents  of  the  OWi 
sent  to  England  only  varj'  between  3  and  4  per  cent.,  1  might  almoet 
my  3|  and  ;i|,  from  year  to  year^  an  idea  has  b^en  generally  enter- 
tained til  at  the  ore  deposits  as  a  whole  are  remarkably  uniform  in 
comiiosition,  Xothini;  could  be  further  from  the  truth,  as  was  shown 
by  the  series  of  specimens  sent  to  the  Madrid  Exhibition  of  18S3^ 
which  averaged  from  20  to  30  lbs.  in  weight,  and  contained  from  0*5 
up  to  00  per  cent,  of  coppor*  The  following  are  the  chief  varwtia 
of  the  ores  which  I  have  obscrvod  i— 

a.  Poor  sulphur- ore  ;  almost  pure  iron -pyrites,  but  oontainin? 
under  i  per  cent,  each  of  copper  and  arsenic.  Generally  minut*  ly 
eryatalline,  but  sometimes  fine-grained  and  compact,  break mg 
with  an  almost  conchuidid  fracture.  Sold  as  poor  ore  ('*miacrsl 
pobre"). 

b.  An  ore  like  a,  but  containing  variable  quantities  of  earthy 
matters,  silica,  and  silicate  of  alumina,  up  to  25  or  80  per  Ofloi. 
Valueless  ("est^ril"). 

c.  A  substance  like  //,  but  distinctly  banded  in  structure,  the 
sUiceous  matters  often  rising  to  50,  70,  or  00  per  cent.  The  pyrit« 
in  this  substance  is  generally  more  distinctly  crystallized  than  in  a 
or  £>,  the  forms  being  the  cube,  the  i>cutagonal  dodecahedron,  or  t 

*  This  mode  of  formation^  which  is  well  know^ii  to  alistudenti  of  geolofkil 
tti«ohanic8,  is  verj  eimply  eicplained  by  De  la  Beobe  in  hi»  'Bepoit  cAthit 
Geology  or  Cornwall/  &c.  p*  317- 
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oombination  of  the  two.     Rarely  the  crystals  reach  the  size  of 
peas,  bnt  usually  they  are  minute.    This  is  absolutely  valuelesB 

(**e8teril''). 

d,  A  soft  powdery  or  easily  pulverized  substance,  having  the  same 
composition  as  the  poor  ore  a,  but  valueless  on  account  of  its  powdery 
condition. 

The  particles  under  a  lens  appear  to  be  crystals.  This  is  known 
as  *<  azufron.''  Sometimes  the  crystals  are  coated  superficially  with 
galena  or  blende,  as  if  they  had  been  immersed  in  water  capable  of 
depositing  those  substances. 

e.  Compact  ore  like  a,  but  containing  from  1  to  2|  per  cent,  of 
copper,  existing  as  copper-pyrites  minutdy  disseminated  throughout 
the  mass.  This  is  the  typical  ^'  telera  mineral,"  and  it  is  mostly 
treated  on  the  spot. 

/,  Compact  ore  like  e  but  richer,  up  to  3 J  per  cent.  This  is  the 
typical  exportation  ore  so  largely  consumed  in  the  manufacture  of 
sulphuric  acid,  the  copper,  and  sometimes  the  silver  and  gold,  being 
alkerwards  extracted  by  "wet"  methods. 

g.  Ore  similar  to  /,  but  coated  superficially  or  in  the  joints  by 
basic  sulphates  of  copper  (brochantite,  pisanite,  &c.).  This  is  also 
an  expoitation  ore. 

h.  Copper-pyrites,  erubescite,  and  occasionally  copper-glance,  more 
or  less  mixed  with  iron-pyrites,  quartz,  blende,  and  other  substances, 
occurring  for  the  most  part  in  veins  or  veinules  traversing  the  ordinary 
pyrites.  These  assay  from  4  per  cent,  up  to  from  12  to  14  per  cent. 
m  masie^  and  are  all  treated  in  the  blast-fomaces,  either  raw  or 
previously  calcined,  as  ^'  mineral  rico." 

u  The  same  ore,  but  with  much  quartz  present,  reducing  the 
percentage  to  3  or  4  per  cent.  Valuable  as  a  flux  in  the  blast- 
furnaces (*•  mineral  cuarzo  "). 

j.  Mineral  like  A,  but  very  soft  and  much  decomposed.  Also 
remitted  to  the  blast-furnaces,  under  the  name  of  ''  negriUo." 

Jc.  A  compact  mixture  of  galena,  blende,  and  chalcopyrite, 
mingled  with  iron  pyrites,  yielding  from  6  to  12  per  cent,  of  lead 
and  the  same  of  zinc,  with  3  or  4  per  cent,  of  copper  and  2  to  3  oz. 
of  silver  to  the  ton ;  known  as  "  plomizos,"  and  at  present  a  hiU 
noire  at  the  mine.  Some  of  this  bears  a  considerable  resemblance 
to  the  "bluestone"  of  Anglesey  and  to  the  "  kilmacooite "  of 
County  Wicklow. 

h  The  same,  but  with  the  lead  more  differentiated  into  veins  of 
galena,  admitting  of  dressing  or  clean  hand-picking.  There  is  but 
Httle  of  this  ore  in  the  mines. 

m.  Crystals,  stalactites,  or  stalagmites  of  cupreous  melanterite, 
containing  from  4  to  12  per  cent,  of  copper  and  from  2  to  10  per 
cent,  of  zinc.  Often  mixed  with  earthy  matter,  so  that  the  copper 
is  reduced  to  from  1  to  3  per  cent.  This  is  sent  at  once  to  the 
washing-tanks,  under  the  name  of  "  vitriolas." 

n,  0.  Porpyhry  and  slate,  containing  grains  or  veins  of  iron- 
pyrites  ;  slightly  cupriferous  ("  esteril "). 

The  varieties  6,  c,  and  d  appear  to  reveal  much  as  to  their  mode  of 
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origio,     in  c  we  hftTe,  I   think,  the 
minenilized  bands  of  the  PaleoKoie  alale. 

The  foUowmg  onaljaee  of  the  prrites  from  ^feggpt  puts  ol  thft 
mines  will  pro  a  Tery  good  idea  of  the  compontiis  oif  the  offt  ■• 
selected  for  rariotid  purposea,  a«  well  as  of  their  freedom  iromk  ^mt- 
stone  when  well  selected.  For  comparison  I  odd  two  analjies  (F) 
from  a  neighbouring  mine  where  the  ^*  banded  ^  stnurture  zctoed 
to  abofe  is  very  well  marked* 


gulphiir 

Iron 

Copper 

Lead 

Zinc 

Copper  sulphate     . . 
Oxide  of  copper     . , 

ArBenic 

Antimony 

Alumins,     bismuth^ 

manganese,     thal- 

liunL,  nickel,  cobalt, 

Erne,  and  magn  eaia.  ^ 
Silica  and  in&oltible 
Bulpbmte  of  iron     . 

HoiMture 

Oxygen  and  loss     . 

99-88    100-00    1(H)M)0     100H>»3      96^     97'^ 
Silver  from  |  oe.  to  1  ot,  per  ton  in  aD.    Gold  from  8  to  1 1  grains  par  ton* 

All  the  ubove  are  samples  of  well-mixed  ores.  I  add  opponte 
a  series  of  analyses  of  picked  specimens,  none  of  them,  however, 
distinctly  cryfilallizud,  Q  is  chalcopjTitc,  of  a  good  yellow  colour, 
soft ;  H  is  grey  ore,  with  a  good  grey  colour,  and  rather  harder  than 
usual ;  B,  white  pyrites^  very  light- coloured,  a  mass  of  minut« 
cryjitals,  verj'  hard ;  T  is  giilena,  subcrystalline  and  normal  in 
aijpearance  ;  0,  lcad-mineral»  fine-grained,  grey,  and  granular. 

The  pyrites-deposits  at  Rio  Tinto  are  four  iu  number,  kn^>ini 
res|>ectively  as  the  North  lode,  the  South  lode,  the  San  Pionifio 
Iwle,  and  the  Valley  lode.     Of  these,  the  South  lode  is  t 
was  worked   extensively  by  the  Spanish  (ioTernment  1 
mines  wore  taken  over  by  the  present  Compauy ;  it  is  inu  i  i  <  rlv 
worked  as  an  open  cutting.     7*he   thiu  branches  or  veins  m  ^n  i: 

*  ThiJ  fimoll  proporticm  of  gold  baa  hitherto  resAtcd  all  eflTurU  to  rtcom  il 
mt  a  profit,  except  «»  re-gnrdi  a  smull  portion  of  the  ore  trMitcd  ni  Widnw  ind 
in  Q-cmiany ;  yet  it  k  worthy  of  remark  that  the  t«rrf?ir»>s  i»l  Rio  Tmio.  wbicb 
we  may  t»ke  in  rouutl  iiumWra  at  O^UOO^UIJO  tons,  eontAtu  moru  lli»in  lf|  tow^  <" 
gold,  reckooing  only  8  graioB  to  the  Ion.  The  quantity  of  i^ld  miwd  ftiiiiu«Uy 
broni  the  pyrites  dopot^its  of  the  Sierra  Morena  eannot  be  lea«  tliao  a  taa  sod  » 
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37-00 

4Mil 

42*80 

42-35 

41-05 

40-60 

33-00 

ao6 

2-:^ 

4-46 

225 

3'e2 

4-4^ 

1-47  \ 
D-62 

undeter- 

fl-26 
to-24 

trace. 

mined. 

trace. 

012 

0-20 

trace. 

traee. 

0-5«> 

trace. 

trace. 

trace. 

1-00 

0'Jf2 

0*61 

025 

0-49 

0-47 

O06 

0*10 

trace. 

.traces. 

traces. 

traces. 

traces. 

traces. 

trafld. 

(y2S 

trace. 

2-40 

2-62 

2*14 

22-60 

0-50 
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tncr. 

0-65 

0-20 

0-73 

3-24 
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Qnebranto  Hneeos  are,  I  think,  connected  with  the  eastern  end  of 
the  Sonth  lode,  while  San  Dionisio  may  be  regarded  as  an  extension 
westwards  of  the  South  lode.  This  and  the  North  lode  have  been 
entirely  opened  np  by  the  present  proprietary,  nothing  having  been 
done  npon  them  since  the  Eoman  times  until  about  the  year  1878. 
The  Valley  lode  is  not  yet  opened  up.  The  North,  South,  and 
San  Dioniaio  lodes  all  show  abundant  evidence  of  very  extensive 
work  by  the  Romans,  and  even  of  still  more  ancient  works ;  but 
as  this  paper  is  designed  to  deal  only  with  the  geological  and 
mineralogical  features  of  the  district,  and  not  with  the  mining 
operations  which  have  been  carried  on  from  time  to  time,  or  with 
those  which  are  now  being  carried  on,  I  need  not  further  refer  to 
these  points,  except  to  draw  attention  to  the  series  of  enlarged 
Bections  given  (figs.  3-8,  p.  260),  all  of  which  refer  to  what  is 
known  as  the  SouUi  lode*. 

0  S.  S       T.       U. 

Sulphur 33-04  24-03  52-81  15-82  40-89 

Selenium trace.           0-10          0-13 

Iron     34-72  12-21  46-12          2-21  36-24 

Ckjpper     31-68  62-50  0-11          0-01          4-30 

Arsenic    0-01  0-03  023          0-01           0-10 

Lead    0-02  0-14  trace.  80-41  11-37 

Antimony trace.  . . .           0-40          0-20 

Zinc     0-10  trace.  trace.           0-14          6-66 

Bismuth trace 0-21           0*04 

Silica  and  insol..      0-15  0-02  0-10          0-02          0-21 

99-72        98-93        99-37        99-33      100-14 

saver 0-033        0-010        0-005        0-015        0-016 

Gold     In  all  a  few  grains  only  to  the  ton. 

Uie  Manganese^hdes, — A  system  of  fissures  having  the  same 
general  directions  as  those  larger  ones  which  contain  pyrites,  occurs 
in  the  immediate  neighbourhood  of  these  latter  ;  indeed,  the  man- 
ganese-fissures often  seem  to  be  merely  branches  of  the  pyrites- 
fissures,  like  them,  they  are  frequently  bounded  by  slate  on  one 
side  and  by  porph3rry  on  the  other ;  but  pretty  often  they  have  slate 
on  both  sides,  although  they  are  never  found  far  from  masses  of 
porphyry.  Occasionally  they  are  entirely  in  porphyry.  The  veins 
vary  in  width  from  an  inch  or  less  up  to  several  yards.  Unlike  the 
pyrites-veins,  in  which  siliceous  deposits  are  conspicuously  absent,  the 
manganese-veins  are  generally  very  highly  silicified,  the  walls  being 
often  converted  into  excellent  jasper  to  a  considerable  depthf. 

The  manganese-ore  itself  is  sometimes  very  siliceous,  but  otherwise 
a  fairly  pure  but  hard  variety  of  pyrolusite,  assaying  over  80  per  cent, 
of  peroxide  of  manganese.     A  great  number  of  these  veins  occur  in 

*  A  list  of  the  various  minerals  which  hare  been  met  with  at  the  Bio-Tinto 
mines,  comprising  thirtv-three  species,  is  given  by  me  in  the  '  Mineralogical 
Magazine,'  vol.  iv.  pp.  211-216. 

t  An  analysis  of  one  of  these  jasper  bands  from  Bella  Vista  has  been  given 
wtprti,  p.  249. 
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Figs,  S-S.^CrosS'se4:£ions  of  tlie  South  Lode  at  Eio  Tinto,  i^imblg 
profihs  of  the  ground  removed,  (Scale,  1  to  7500,)  Fig.  3,  &o- 
tioii  at  San^lnocaiU  SJtaft  Figs,  4^,  resptctiml^  150,  2(30 1 300| 
350  metres  to  tJu  East 


Fig.  3. 


Fig.  4. 


Kg.  5. 


Fig.  6. 


Fig. 


Fig.  8. 


00 


>t4t<Sa  P-irphTTT.  ^^  SIrt.. 


tv'V^^'^T^  PorpbfTj  worked 


BIa14?  worked 


Fyritei. 


ftWlf. 


L 


}p^*g%*B*|  Femof^immi  brccm*,  and  go«zan. 

the  neiglibourliood  of  Rio  Tinto ;  but  at  pn^aent  none  of  thom  are 
beiiig:  worked,  although  a  groat  many  of  thefti  were  in  actite 
Operatioii  «ome  ton  years  since.  Tlio  slate  in  the  neighboorhood  li 
generally  of  a  purplish  colour:  fiomotimes  it  contains  a  smm  of 
concretionary  kernels  or  "eyes"  of  cobaltiferous  oxide  of  ma»- 
ganeee,  aa  shown  in  the  sketch  (fig,  *J),  which  is  taken  from  • 
specimeD  occurring  a  little  to  the  west  of  Bella  Vista. 

In  the  pjTites-region  mineral  veins  other  than  those  of  ciipraoi» 
pjTritfS  and  of  manganese  aro  extremely  rare  and  of  comparadTcly 
little  importance.  A  few  veins  of  lead,  copper  (axidca,  sulphidoa, 
and  carbonatcB),  of  hleudo,  and  of  other  minerals  aro  ktidWD  to 
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exist  in  the  quartz-syenite ;  and  some  of  these  could  certainly  be 
worked  to  advantage  by  Cornish  methods  if  the  country  were  more 
My  opened  up  by  roads  and  railways ;  but  I  reserve  for  the  present 
aj)  further  reference  to  them. 

Fig.  9. — Slate  with  Kernels  of  Cobaltiferous  Oxide  of  Manganese 
near  Bella  Vista. 


4.  Conclusion, 

A  consideration  of  the  facts  here  brought  forward  leads  to  the 
following  conclusions : — 

I.  As  to  the  Straiigraphy  of  the  District : — 

(a)  The  slates  are  of  late  Devonian  age,  but  they  include  in  some 
places  portions  of  still  older  clastic  rocks,  which  have  not  yet  been 
recognized  in  the  neighbourhood  in  situ. 

(6)  The  slates,  in  parts,  like  the  well-known  "  Kupferschiefer  "  of 
Mansfeld,  were  originally  highly  pyritous  and  cupriferous;  but 
being  interstratified  with  ordinary  iWc^nowii/a-schists,  they  are 
plainly  much  older. 

(c)  After  the  slates  had  been  deposited  and  upheaved,  they  were 
cut  through  by  great  masses  of  syenite.  As  this  syenite  ranges 
pretty  nearly  with  the  present  strike  of  the  slate,  it  is  probable  that 
this  latter  had  been  folded  into  its  chief  syuclines  and  anticlines 
before  the  intrusion  of  the  syenite.  The  slaty  cleavage,  too,  which 
now  corresponds  generally,  but  not  invariably,  with  the  bedding,  was 
also  produced  previous  to  this  intrusion,  but  may  have  been  since 
mcreased. 

(d)  Both  slates  and  syenite  have  been  penetrated  by  veins  and 
masses  of  diabase.  In  the  slates  the  diabase  often  follows  the 
Btratification  for  considerable  distances  and  then  cuts  across  at  a 
very  oblique  angle,  the  mean  direction  being  E.  to  W.  In  the  syenite 
no  such  prevalent  direction  of  the  diabase  veins  is  observable. 

(«)  The  porphyries  are  distinctly  intrusive  in  the  slates,  and  not 
actually  interstratified  with  them,  although  they  often  appear  to  be 
so.    A  kind  of  selective  metamori)hism  has,  indeed,  converted  some 

Q.  J.  G.  8.  No.  163.  ^  n  \ 
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of  the  Bt ratified  beds  into  a  rock  resembling  the  more  schistose 
varieties  of  the  porphyries  ;  hut  prooffl  of  the  distinct uess  in 
origin  of  the  porphyritic  schists  and  the  schistose  porphyric*  are 
ahundeLut 

(/)  The  couvereion  of  certain  bands  of  the  slates  into  chert  or 
jaaper  was  aDterior  to  the  appearance  of  the  porphyries,  aincc  the 
chert y  ba^ds  are  traversed  by  thena.  similarly  to  the  slates  them* 
selves,  and  since  the  **  fault  rock ''  contains  fragmeata  of  the  former 
enclosed  within  its  substance. 

(g)  Afl  the  porphyries  were  intruded  into  the  stratified  rocks  long 
aftur  these  had  been  tilted  up  into  their  present  |K>sition  (i\/.  nearly 
Tortical),  and  as  their  composition,  on  the  whole,  is  so  similar,  it  sewna 
not  unlikely  that  they  are  actually  composed  of  the  melted-up  lower 
portions  of  the  synclinal  curves. 

(h)  While  the  porphyries  were  still  in  a  semi-pasty  condition,  the 
pressures  iu  directions  normal  to  the  strike  probably  continiied  to 
act,  thus  prodttciug  their  markedly  schistose  atrncture  parallel  lo  th*^ 
schistose  structure  of  the  stratified  rocks. 

(i)  The  intrusion  of  the  porphyry  took  place  at  a  period  bo  distaut 
as  to  allow  of  immense  denudation.  We  in  fact  see  at  the  SQifMK 
what  was  brought  into  ita  present  condition  at  great  depth, 

2.  -4/f  to  the  Ore-d^posits  i — 

(J)  The  opening  of  the  main  fissures  took  place  along  the  lines  of 
contact  of  dissimilar  rocks,  L  e.  along  lines  of  least  strength. 

(1)  The  process  of  filling-in  these  fissures  was,  as  regards  tJie 
pyrites,  more  chemical  than  mechanical ;  but  still  not  eotiitly 
chemical.  The  great  width  of  the  fissures  in  certain  places  is  here. 
as  elsewhere,  more  apparent  than  real.  On  the  one  hand  there  sceaift 
to  have  beeu  a  great  concentration  of  pyritons  matter  in  solutioD* 
probably  derived  from  pre-existing  pyritous  schists,  into  the  more 
open  parts  of  the  fissures ;  and  on  the  other  a  gradual  remoTsl, 
probably  by  the  very  some  solutions,  of  much  of  the  earthy  matter  of 
the  enclosing  slates,  so  as  gradually  to  produce  a  large  mass  of  veiT 
pure  ore.  The  fact  that  schistose  structure  is  often  visible  in  the 
interior  of  great  masses  of  the  pyrites  appears  to  me  to  be  in  favour 
of  this  theory  of  their  mode  of  formation .  The  force  of  crystanilitinn 
itself,  too,  may  have  enlarged  the  cavities  continuously  by  prewnre 
against  the  sot\ened  wall, 

(/)  That  the  solutions  circulating  within  the  fissures  had  solvenl 
powers  is  evidenced  by  the  softening  and  kaolinization  of  the  foekt 
in  the  neighbourhood  of  the  pyritous  masses.  Silica  and  lime  l^pnr 
to  have  been  remarkably  absent  from  these  solutions ;  but  ia  the  later 
vein-fiUings  the  former  has  been  depositctl  to  a  small  extent,  vn 
sometimi:^  accompanied  by  sulphate  of  baryta. 

{m)  That  the  fissures  were  seldom  really  open  to  any  great  eitifii 
is,  I  think,  indicated  by  the  rarity  of  distinct  and  well-fonned  msUls 
of  pyrites.  At  the  same  time  the  existence  of  fault-rock  in  the 
immediate  neighbourhood  proves  that  open  fissures  must  have  existed 
at  one  time. 
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(»)  The  formation  of  rich  veinlets  or  "  leaders  "  of  ore  within  the 
masses  has  been  the  result  of  subsequent  operations,  probably  at  very 
many  different  times.  These  veins  appear  to  occupy  faults  and 
shrinkage-oracks,  and  to  have  been  gradually  filled  by  a  segregation 
of  substances  from  the  main  masses  of  pyrites. 

(o)  Abundant  evidence  of  numerous  movements  within  the  masses 
of  pyrites  is  afforded  by  the  numerous  slickensides  which  are  every- 
where and  continually  met  with. 

(p)  The  formation  of  the  ironstone-beds  which  now  cap  the  Mesa 
de  los  Finos  and  other  hills,  although  immeasurably  more  recent  than 
that  of  the  pyrites-deposits,  took  place  so  long  ago  that  deep  valleys 
have  since  been  excavated  through  the  iron-ore ;  and  the  geueiul 
level  of  the  country  has  been  so  altered  that  the  ancient  lake-deposits 
now  exist  as  hill-tops. 

3.  Ab  to  the  Surface^Geology : — 

The  broad  features  of  the  geology  of  the  district,  which  have  been 
described  above,  are  very  evident  to  any  one  who  has  studied  the 
relations  between  geological  structure  and  scenery.  The  slate- 
regions,  which  for  the  most  part  form  the  lower  lands,  generally 
consist  of  a  series  of  low  hummocky  hills  of  a  very  bare  and  unin- 
teresting aspect;  but  occasionally  the  more  silicified  bands  rise 
into  sharp  ridges  of  a  rugged  appearance,  which,  in  the  transverse 
valleys,  are  sometimes  extremely  picturesque,  as  in  the  gorge  leading 
np  to  the  Campo  Frio  "  digue  "  ♦.  The  jasper-  and  manganese-bands, 
too,  are  generally  evident  as  distinctly  purple  stripes  in  the  otherwise 
dnll  lead-coloured  country.  The  barrenness  of  the  slates  seems  to  be 
due  to  their  vertical  condition,  to  the  great  and  long-continued  heats 
of  summer,  and  to  the  absence  of  springs.  The  vegetation,  where 
there  is  any,  consists  generally  of  the  dull  dark-green  foliage  of  the 
gum-cistus.  The  valleys  and  watercourses,  on  the  contrary,  where 
the  effects  of  the  long  summer  drought  are  less  felt,  are  usually  filled 
with  oleander  bushes,  whose  abundant  pinkish-red  fiowers  mark  out 
the  topography  in  a  very  striking  and  beautiful  manner.  The  por- 
phyries are  scarcely  more  clothed  with  verdure  than  the  slates,  but 
the  hiUs  are  much  higher  and  more  irreg^ar  in  form,  and  the  ground 
is  generally  strewn  with  rough  greyish  fragments  of  the  rock.  The 
asphodel,  a  palmetto,  and  little  scrubby  acacias  are  more  frequently 
to  be  seen  in  the  porphyry -tracts.  The  diabase  has  much  richer 
vegetation,  with  many  olives,  oaks,  and  cork-trees,  the  surface 
between  the  trees  being  covered  with  brown  and  rounded  fragments 
of  decomposing  diabase,  while  the  rock-exposures  are  often  markedly 
choroidal  or  even  columnar.  The  syenite  has  a  very  similar  vege- 
tation to  the  diabase  ;  but  the  country  rock  is  greyer,  and  the  hills 
crowned  with  loose  rocks,  which  often  remind  one  of  the  granite  tors 

*  At  Eio  Tinto  a  peserroir  of  water,  shut  into  a  natural  hollow  by  an  arti- 
ficial wall  or  bank,  is  called  a  "  Digue  "  op  a  **  Dam  "  indiscriminately,  although, 
of  oouTBe,  the  tfirm  is  only  properly  to  be  applied  to  the  enclosing  masonry  or 
wrthwork. 
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of  Cornwall,  Init  of  course  without  their  refreshing  green  turf-»ur- 
rotinding* 

In  the  immediate  neighhourhood  of  the  mines  the  naturaJ 
barrenness  of  the  mining  part  of  the  Andevallo  is  greatly  height- 
ened by 

(1)  The  destruction  of  vegetation  by  the  sulphnr-smoke  from,  at 
Rio  Tinto  alone,  the  volatilization  of  about  20^,000  t^ns  of  sulphoi 
per  annum ; 

(2)  The  destruction  of  brushwood  and  timber  for  the  use  of  the 
mines ; 

(;3)  The  removal  of  the  unprotected  soil  by  the  oocaeional  bean 
rains. 

The  climatal  condition  a  have  led  to  a  much  more  rapid  denudation 
than  m  observable  in  countriea  lite  England,  and  it  will  be  readily 
understood  that  they  have  been  jorreatly  aided  by  the  temporal}* 
condition 8  noted  above. 

In  the  height  of  Bummerthe  surface- rocks  of  this  region  are  oftwi 
heated  to  160*^  F.,  or  even  more  during  the  day.  while  the  coming  of 
a  wind  from  the  north  will  sometimes  reduce  the  tempcratTirc  of  the 
same  rocks  to  7')°  during  the  night — a  range  of  at  least  9if  in  perhapi 
eight  or  nine  hours.  These  alternations  of  temperature  have,  in 
some  eases,  caused  the  scaling-off  of  thin  layers  of  porphjT}',  diabaw, 
ironstone-breccia,  and  other  rocks  from  the  more  exposed  maasea  on 
the  hilltops  and  in  the  broader  valleys  in  a  most  peculiar  maiiDar.  I 
have  picked  up  pieces  of  the  ironstone-breccia  measuring  at  fcait 
8  inches  across,  with  a  thickness  not  exceeding  three  quarter*  of  an 
inch.  In  seme  spots  the  rocks  have  acquired,  from  this  cause  alooe, 
rounded  forms,  which  might  easily  be  supposed  io  result  from  glaoa- 
tion,  while  the  Hakes  of  rock  cover  the  ground  around  to  a  dep^  of 
more  than  a  foot*. 

It  will  he  readily  believed  that  disintegration,  especially  of  thf 
schistose  rocks^  proceeds  verj'  rapidly  under  such  conditions  aa  those. 
Furthermore,  in  the  neighbourhood  of  the  rock-junciions,  a  great  part 
of  the  surface-slate,  and  even  the  porphyry,  is  so  decompoaed  aa  t^bo 
commonly  used  as  a  kind  of  fire-clay  {harro).  The  oc^msioiial  llosf3r 
rains  of  spring  and  antumn,  falling  upon  a  ground  so  prepared^  act 
with  extreme  energy  and  produce  very  marked  efiects,  a  single  atorm 
Bometimes  cutting  out  chaunels  several  yards  in  depth.  These  Ibcta 
should  be  taken  into  account  in  forming  an  estimate  of  the  tilli« 
required  to  produce  a  given  amount  of  denudation,  as,  for  imtaiiee, 

*  Tho  finest  pxauiplc  of  ibis  **  p»eado-gliiciation  **  which  I  ertr  aaw 
in  ihe  iron  stone- breec  lit  Ij'ing  on  ihi?  top  of  the  hill  a  little  to  the  BJ&.  of  K^ 
»h  II  ft  on  the  North  Lode;  and  ot  Urst  I  felt  pr<?tty  sure  tJiat  here,  at  leaA* 
had  niet  with  a  rcnl  glaciil  pulishinK— tlie  aiigidar  pieces  of  quarU.  wiA  Ibe^ 
ferruginous  cPToent,  were  8m<K>th(?d  off  ao  woaderfullv.  But  I  ■oco  mw  htr^ 
as  I  had  acmiii  oo  uther  ocxnslotiti.  that  there  were  no  ice-«orifttchM  ilii  ikml  th» 
apparwitly  fniUshod  #urfac««  met  each  othor  m  iharp  re-entrant  m^m  In  miA 
«  manner  I ktxt  they  eould  not  possibly  Iia\e  been  produced  by  frirtiOB-  Mce9- 
over,  the  stomas  were  aiirroundMi  with  buahi^lB  of  uiin  flak«is  of  preeMy  tilsQa^ 
character  which  had  peeled  off  from  time  to  tita^  some  of  them  bainf  i^rljr  m 
foot  across,  with  a  thickness  of  considerably  Icsa  than  one  mth^ 
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with  r^^ard  to  the  relative  ages  of  the  sucoessive  f erraginous  lake- 
deposits.  Greatly  as  they  differ  in  altitude,  it  is  probable  that  their 
difference  in  age  would  not  exceed  a  few  thousands  of  years.  Un- 
fortunately, however,  we  have  no  fossil  evidence  on  this  point,  since 
fossils  have  only  as  yet  been  found  in  the  one  deposit  of  the  Mesa 
de  loe  Pinos. 


EXPLANATION  OF  PLATE  VL 

¥ig.  1.  Mi^  of  the  Bio-Tinto  mining  district    Scale  79^09. 

•  2.  Section  across  the  Bio-Tinto  mining  district    Scale  jjfhifc. 


DlSOUBSIOK. 

Mr.  P.  PowiER  inquired  why  Mr.  Collins  attributed  the  iron- 
ore  forming  the  outcrop  of  the  pyrites-vein-deposits  to  the  action 
of  lakes.  He  believed  they  were  due  to  decomposition  of  pyrites. 
With  regard  to  the  question  whether  the  deposits  of  pyrites  are  to 
be  characterized  as  veins  or  masses,  he  believed  them  to  be  veins, 
as  they  never  cut  out  in  depth ;  they  often  narrow,  but  open  out 
again.  Mr.  Collins  had  omitted  to  notice  that  all  the  veins  crop 
out  in  great  depressions,  due,  probably,  to  enormous  faults.  The 
greater  the  depression  the  greater  the  width  of  the  vein. 

Mr.  Kjtto  agreed  with  Mr.  Collins  as  to  the  iron-ore  deposits 
befog  lacustrine  in  their  origin.  They  were  stratified,  and  contain 
the  remains  of  plants.  He  also  was  inclined  to  class  the  masses  of 
pyrites  at  Rio  Tin  to  as  veins. 
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27.  On  the  GE0L06ICA.L  Position'  of  the  *'  Weka-pa88  Sroire"  of  New 
Zealajtd.  By  Captain  F.  W,  Hutton,  F.G-8.  (Recwi  June  25, 
1884.) 

TiTE  northern  part  of  iVsMcy  Coimtj',  in  the  Province  of  Canterbury, 
is,  to  the  geologist,  one  of  the  moat  interestiEg  districts  in  >*cw 
Zealand  ;  for,  as  Dr.  von  Haast  has  truly  remarked,  it  "offers  us  tb« 
key  to  imravel  the  rehitions  in  which  our  young  Secondary  nod  M 
Tertiary  beds  stand  to  each  other/*  And  as  all  the  mare  imixirtant 
of  the  New-Zealand  eoalfieldii  heleng  to  one  or  other  of  these  group 
of  rocks,  the  district  hecomcs  highly  important  from  an  economic 
point  of  viow. 

The  district  in  question  is  bounded  on  the  north  by  the  Huriaui 
Kiver  and  on  the  south  hy  the  Mnipara  River,  so  well  known  to 
geolo^sts  as  the  locality  whence  rifsiosaiims  aiL^trali/i,  i  *wcn,  was 
obtained  hy  Mr.  Coekbura  Hood.  It  is  crossed  by  the  railway  tmd 
road  from  Christchurch  to  Nekon,  which  here  pasB  over  a  lov 
range  of  hills  by  means  of  a  depression  called  the  Wcka  Pass»  whidi 
gives  the  name  to  the  limestone  that  form»  the  subject  of  thi* 
paper.  In  it  there  occurs  a  white,  flaggy,  argiUaceous  limestoitf, 
known  as  the  Amnri  limestone,  which  at  both  the  "Waipara  Ilivtr 
and  A\'cka  Pass  lies  conformably  on  green  sandetones.  All  goologiM? 
who  have  visited  these  localities  agree  that  the  Amuri  limestone!* 
and  the  green  sandstones  are  parts  of  the  same  rock -system,  whidi 
is  called  the  Waipara  System  hy  Dr,  von  Haast  and  myself  and 
forms  part  of  the  Cretaceo- tertiary  System  of  Dr.  Hector  and  the 
officers  of  the  Geological  Siine)'  of  New  Zealand.  This  Waipara 
Bystem  is  considered  to  he  of  Cretaceous  age,  because  the  green  sand- 
stones contain  remains  of  marine  Saurians  and  rest  oonfonnAbly 
on  beds  of  coal  and  shales,  containing  leaves  of  dicotjledonons  Anfio- 
eperms,  that  form  the  base  of  the  Waipara  System. 

Above  the  Amuri  limestone,  both  at  the  Waipara  and  Weka  Pai«, 
comes  an  arenaceous  limestone,  usually  with  small  green  gnua» 
scattered  through  it,  called  the  Weka- pass  Stone.  It  is  of  « 
yellowish  white  colour,  but  weathers  white  like  the  Amari  Udmv 
Btone.  Above  the  Weka-pass  Stone  is  a  grey  handy  marl*  wmI 
above  this,  again,  come  thick  beds  of  pale  yellowish  sandstone,  with 
bands  of  shelly  and  cortil  limestone.  These  last  beds,  lying  iibo^^ 
the  grey  morh  are  acknowledged  by  all  New -Zealand  geologisto  10 
be,  probably,  of  Upper  Eocene  or  Oligocene  age.  They  are  iho 
Mount-Brown  beds  of  the  Geological  Survey,  and  form  the  upper 
part  of  the  Oamaru  System  of  Dr.  von  Haast  and  myself. 

Ho  far  all  are  agreed ;  but  opinions  differ  as  to  where  the  line 
separating  the  Waipara  System  from  the  Oamaru  System  should  l» 
drawn.  Dr.  Hector  and  Mr.  M'Kaj  think  that  it  should  be  takMl 
between  the  Grey  Marl  and  the  overlying  Mount- Brown  beda;  Df, 
▼on  Haast  would  make  it  between  the  Weka-pass  Stono  and  Uii 
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Grey  Marl ;  whfle  in  my  opinion  it  lies  between  the  Amnri  lime- 
stone and  the  Weka-pass  Stone.  On  this  point  Dr.  Hector  says 
that  he  cannot  satisfy  himself  ''  of  any  stratigraphical  break  be* 
tween  the  Amuri  limestone  and  the  overlying  grey  marls  "  *,  ap- 
parently placing  the  Weka-pass  Stone  with  either  one  or  the  other. 
Mr.  M*Kay  says,  "  No  doubt  there  is  a  considerable  difference  in  the 
character  of  the  fossils  found  in  the  calcareous  green-sands  [i.  e. 
Weka-pass  Stone]  and  those  in  the  underlying  Saurian  beds ;  but, 
even  admitting  the  conformity  between  them,  this  is  to  be  expected. 
SfcratigraphicaUy,  I  could  find  no  conclusive  evidence  of  uncon- 
formity, and  if  the  Weka-pass  calcareous  green-sands  belong  to  the 
Waipara  beds,  no  unconformity  can  be  conceded  as  far  as  the  upper- 
most beds  of  the  Mount-Brown  Series  "  f.  Dr.  von  Haast  says  that 
in  the  northern  parts  of  Canterbury  the  green  sandstones  of  the 
Waipara  are  overlain  by  "  chalk  marls,  or  chalk-like  limestone  "  [t.  e. 
Amuri  limestone],  which  is  succeeded  by  a  glauconitic  calcareous 
sandstone  [i,  e,  Weka-pass  Stone],  and  which  is  the  highest  bed  of 
the  series  f.  He  allows  that  a  break  sometimes,  as  at  Weka  Pass, 
appears  to  occur  between  these  two  calcareous  rocks ;  but  he  argues 
that  this  is  only  apparent,  because  the  upper  beds  are  always  con- 
formable to  the  lower,  and  in  some  localities  there  is  a  gradual 
passage  from  the  one  to  the  other.  He  does  not,  however,  name 
these  localities. 

Such  are  the  views  held  at  present  by  those  geologists  who  have 
visited  the  district.  The  object  of  this  paper  is  to  bring  together  all 
available  evidence  on  the  position  of  this  divisional  line.  But  before 
doing  so  it  will  be  better  to  give  the  geographical  distribution  of  the 
beds  with  which  we  are  concerned. 

Geographical  Distribution  op  Rocks. 

The  green  sandstones  and  other  associated  rocks  with  acknow- 
ledged Cretaceous  fossils  extend  from  near  Cape  Campbell,  on  Cook's 
Straits,  along  the  east  coast  of  the  island,  to  the  Hurinui,  and  then 
trend  inland  to  the  Middle  Waipara  and  the  Malvern  Hills,  lying 
between  the  Waimakariri  and  Eakaia  rivers.  In  no  other  part  of 
New  Zealand  are  they  known  with  certainty,  and  in  no  other  part 
have  any  Cretaceous  marine  Saurians  been  found.  The  Amuri 
linustone  occurs  near  Cape  Campbell,  and  going  southward,  is  found 
at  various  places  along  the  east  coast  as  far  as  Motunau,  and  again 
at  Weka  Pass  and  the  Middle  Waipara.  Further  to  the  south  it  is 
quite  unknown,  except  possibly  in  the  Trelissic  basin  on  the  Wai- 
makariri §.     In  the  North  Island  it  has  been  recognized  by  Mr. 

*  'Geological  Reporte/  1873-74,  p.  x.     Published  in  1877. 

t  'Geological  Reports,'  1874r-76,  p.  39.  See  also  Trans.  N.  Z.  Institute,  ix. 
(1876)  p.  58a 

t  '  Geology  of  Canterbury  *  (1879),  p.  297. 

§  The  cluilk-marls  mentioned  by  Mr.  M'Kay  at  Kakabu  and  Pareora,  in 
South  Oanterburv  (Geol.  Reports,  1876-77,  p.  61),  appear  to  be  diflPerent.  Dr. 
Ton  Haast  considers  them,  correctly  I  think,  as  belonging  to  the  Oamaru  System 
(Geol.  Canterbury,  p.  809). 
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M*Kay  at  Whit^-roek  stattim  on  the  cast  coast  of  WeUioj^on*  At 
Amuri  and  Kaikoura  this  rock  contains  flmts.  The  Wekthpaa 
Sioiie  is  largely  developed  in  the  \Veka'pa8s  district  hetween  the 
Waipara  and  the  llurinai,  and  it  formB  a  large  part  of  Mt.  Cas«. 
North  and  8outh  of  the.se  rivera  it  is  not  certainly  known,  btititift 
generally  thought  to  be  the  equivalent  of  the  **  Otutara  Stone  "  of 
Oamaru,  and  of  the  Cobden  limestone  of  Greymouth,  The  (^re^ 
Had  ♦  extends  north  from  the  Waipara  through  Weka  PaM, 
ITotunau,  Conway  River  (?),  Amori  Bluff,  Kaikoura  Peninsda,  and 
perhaps  to  Cape  Campbell,  The  Mount-Brown  beds  are  welidfr- 
veloped  through  the  Weka-pass  district  i  hut  heyoiid  this  thtir  ex- 
tension is  uncertain,  although  no  doubt  they  have  equfvaleBta  in 
many  parts  of  New  Zealand,  principally  in  the  south. 

It  wiU  thus  be  seen  that  the  country  between  the  Waipara  and 
the  Hurinui  ia  the  only  district  in  which  all  live  rooks  can  be  seen 
together.  Tho  Baurian  beds,  the  Amuri  limeMtnne,  and  the  j^y 
marl  extend  to  the  north  as  far  as  Cook's  Straits.  But  the  Weka- 
pasa  Stone  and  the  ilount-Brown  beds  do  not  follow  them,  but  Had 
their  equivalents  more  in  the  south,  I  will  now  examine  the 
geolo^cal  relations  between  them. 

SlBAHQEAPHICAX  EviDEHCE, 

MiMU  Waipara. — Dr.  Hector  reported,  in  1S09,  that  »'wliite 
attd  yellowish  calcareous  sandstones  [i.  e,  Hount-Brown  beds]  restied 
ui  icon  form  Libly  on  the  lower  rocks  "t.  He  did  not  distmguiah  be^ 
tween  the  Grey  ilarh  the  Woka-pass  Stone,  and  the  Amnri  lime- 
st^uie,  but  considered  them  all  as  a  *'  blue-grey  marly  sandstone 
sometimes  passing  into  chalk."  Subsequently  Br.  von  Haiat 
divided  thew  rocks  into  a  *^  Weka-pasa  Series  **  [including  the 
Amuri  limestone  and  the  Weka-pass  Stone],  "  CucuUiea-beds  "  [Lu 
Grey  Marl  J,  and  **  Mount-Brown  Series  *^t.  Ho  agreed  with  Dt, 
Hector  that  an  unconformity  exii^ted  between  the  Mount-Brown 
beds  and  tbe  Grey  Marl,  and  made  another  unconforroity  between 
the  Grey  Marl  and  the  Weka-pass  Stone.  In  1S73  I  distinguished 
the  Amuri  limestone  from  the  Weka-pass  Stone,  allowing  that  the 
latter  passed  at  its  biiae  into  a  thin  layer  of  ealcarcotis  green  sandr 
stone,  which  rested  on  a  water- worn  surface  of  the  Amuri  limestone* 
I  also  pointed  out  that  the  appiirent  nn conformities  were  dcceptiTlv 
and  due  to  a  fault  (%.  1) ;  and  that  in  reality  the  Weka-paaa  Stxina, 


Leda-marla  *'  by  Dr,  Ilpctor  (Trans.  N^Z.  Inst  ri,  (]873X|k  3S0K 


This  niiniQ 


u 


♦  Called 
and  by  Mr.  M  Kay  (Geol  BeporU.  1874-76,  p.  17R)- 
applied  to  vuriuus  nx^k*  in  widely  w^pamt*?*!  loculities  ia  New  ZtAland.  0?. 
Heotiir  now  put*  the  '*  Ledti-inarla  *  na  the  eqiiittilcnt  of  the  Auiuri  limonloaa 
(G(M>1.  R^porU.  1H77-7H.  p.  193).  and  makes  it  quit<*  di»tin<*t  from  the  gfff 
m&rJa  of  Weka  Pa»fl  iind  Amuri  lllytT ;  ns  al*o  dots  Mr,  M*KftT  in  the  Tranii 
N.  Z.  InstitattA,  ii.  (1870),  p.  bS5.  Tho  MO-oillerl  *<  Leda-raarls^^'uf  lU^lftD  ind 
thf  Lower  Waikuto,  are  probably  nT  about  the  eanae  sgv  a«  the*  W^bi^|Muv SUUM^ 
Under  these  cin-umstanee*,  I  think  it  is  better  not  to  we  Ihe  tuimo. 

+  *  Geological  RcporrH/  18fi8_09,  p.  12. 

t  'GteoloKical  Ik'ports.'  1870-71,  p.  14 
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the  Grey  Marl,  and  the  Mount-Brown  beds  were  all  conformable  *. 
This  explanation  of  the  district  has  not  since  been  called  in  question 
by  any  one. 

Fig.  1. — Section  across  the  River  Waipara,     (Distance  6  miles.) 

I.  BobT  8, 


Rirer  Waipara. 


BobT 
Creek.  Fault.   Mt.  Brown. 


1.  Hokanai  SandBtone. 

2.  Green  Sandstones.  1  Waipara  Sy- 

3.  Amuri  Limestone,  j      stem. 

4.  Weka-pass  Stone. 


6.  Grey  Marl. 
6.  Mt -Brown  beds. 
Pareora  System. 


Oamaru  System. 


8.  Pleistocene  gravels. 


Welea  Pass, — In  my  report  of  1873,  just  mentioned,  I  said  that 
here,  as  at  the  Waipara,  the  Weka-pass  Stone  rested  on  a  water- 
worn  surface  of  the  Amuri  limestone.  As  the  correctness  of  this 
statement  has  been  denied,  I  again  visited  the  locality  last  December, 
but  found  no  reason  to  alter  my  former  opinion.  The  great  masses 
of  limestone  which  are  seen  on  the  west  side  of  the  road  in  the  centre  of 
the  pass,  and  on  both  sides  near  the  northern  end,  belong  to  the  Weka- 
pass  Stone.  The  Amuri  limestone  hardly  shows  in  the  pass,  but  is 
exposed  in  a  cutting  made  by  the  Weka  Creek,  a  little  to  the  north 
of  the  railway-viaduct  (fig.  2),  where  both  railway  and  road  cross 
the  stream,  about  a  mile  and  a  half  from  the  north  end  of  the  pass, 
or  two  miles  and  a  half  from  the  Waikari  railway-station .     Here  the 


Fig.  2. — Section  along  WeJca  Pass.    (Distance  4  miles.) 
K.  s; 

Tiadoot. 

! 


Fur  explanation  see  fig.  1. 

stream  has  cut  a  small  gorge  on  the  east  side  of  the  railway  and 
parallel  to  it,  in  which  the  junction  between  the  two  rocks  is  clearly 
exposed.  This  is,  I  believe,  the  only  section  in  the  neighbourhood 
in  which  the  actual  junction  of  the  two  rocks  can  be  studied.  Both 
rocks  have  here  the  same  dip,  but  they  are  easily  distinguished. 
The  Amuri  limestone  is  a  white,  rather  argillaceous,  much-jointed 
limestone,  in  thin  parallel  beds,  and  the  exposed  surface  has  in  con- 
sequence a  shattered  appearance.  The  Weka-pass  Stone  is  a  pale 
♦   '  Geological  Reports,'  1873-74,  p.  44  (published  in  1874). 
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yellow  or  whitish  arenaceous  limestone  with  scattered  greeo  grams, 
which  get  more  abundant  near  the  base  but  are  noTcr  sufficiently  nume- 
rous to  give  it  a  greeu  colour.  The  exposed  surface  is  honeTCombcd, 
thus  strongly  contrasting  with  that  of  the  Amuri  limes  tone,  A  close 
inspection  shows  that  the  upper  swrfnco  of  the  Amuri  limestone  is 
much  broken  and  fissured,  the  Weka-poss  8tono  penetrating  iulo 
the  fissures  for  a  distance  of  one  or  two  feet,  with  an  abrupt  division 
between  the  two  rot-ks.  Also  rounded  pebbles  of  the  Amuri  lime- 
stone are  found  in  the  Weka-pass  Stone  within  six  inches  of  tKo 
junction,  bnt  not  higher.  These  pebhles  are  not  concretions,  m  ha« 
been  supposed,  for  they  are  exactly  similar  in  composition  and 
structure  to  the  Amuri  limestone  on  which  they  lie,  and  are  quite 
diiferent  in  apprarance  from  the  concretions  found  in  the  gre*'n 
sandstones  underlying  the  Amuri  limestone.  ETidently  we  have  a 
watcrworu  snrface,  and  therefore^  aa  the  nature  of  the  upper 
rock  excludes  the  idea  of  chemical  erasion,  we  have  an  uncon- 
formity. In  addition  to  this  the  Woka-pass  Stone  overlape  the 
Auniri  limestone  to  the  north  and  rcst«  on  the  slate  rocks  of  Mt, 
Alexander  at  Hurinui  ;  and  as  neither  rock  is  a  shallow  water 
deposit,  and  as  the  Amuri  limestone  extends  far  north  of  ih© 
Hurinui*  this  overlap  is  another  proof  of  unconfomaity.  Over- 
lapping is  uko  seen  in  other  places  aa  mentioned  in  my  report  pr«- 
viously  alluded  to. 

Motunau  River, — I  have  not  examined  this  section  myself,  hut 
Mr.  M'Kay  says,  that  near  the  north-oast  part  of  ML  Casa  nnge 
there  is  a  syncline,  in  which  the  (frey  Marl  is  seen  overlying  the 
Amuri  limestone  (fig.  3).     On  the  west  side  of  this  sjucline  the 

Fig.  3*— -Section  arross  tJit  s'^outh  Branch  i>f  Motunnu  Creek 
((iffer  M'Kuffl 


Forexpkmalioii  see  Bg.  1. 

Grey  Marl,  containing  here  Pedm  Z'ltUUi  *,  rests  unconformably  oo 
the  lower  beds  of  the  Waipara  System,  while  it  passes  upwards 
into  the  Mount-Brown  beds  t-  Nevertheless,  Mr.  M'Kay  thiaks 
that  this  apparent  relation  of  the  Grey  Marl  to  the  Mount-Brown 
beds  is  not  real,  because  more  to  the  north-east  the  Groy  Max!  is 
interbedded  with  the    upper  portion  of  the  Amuri   limestone  X ; 

•  Pecfin  Zittetli,  Iltittou,  ii  the  Bame  as  Jhe  Pecten  belonging  to  Lb*  mup 
Ptmronectcs,  in  tbe  pdwnnt  ulogy  of  the  voyage  of  the  *  Novapa,*  pi.  ii.  f.  3, 

t  'Geological  Report^,*  1871^^).  p.  113. 

I  Hie  section,  how(>Ter.  fihaws  tlie  Grvv  marl  ee  unoonfommblv  on  ttie  Amuri 
limcfftone,  aa  well  as  oa  the  otdir  Waipura  bedi  (iee  fig.  3).  and  at  3i  tbv 
Amur!  limefttone  is  mtieonfonnable  on  the  VVnipara  beds. 
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"  which,"  he  says,  "  must  conTince  any  one  that  the  conformity  to 
the  Mooni-Brown  beds  in  the  south-west  branch  of  the  Motunau 
River  is  only  apparent."  I  confess  that  I  cannot  follow  this 
reasoning.  It  seems  to  me  that  these  sections,  if  they  are  correctly 
interpreted,  show  an  unconformity  between  the  Amuri  limestone 
and  die  lower  beds  of  the  Waipara  System,  and  a  regular  sequence 
from  the  Amuri  limestone  into  the  Mount-Brown  beds,  although 
the  Weka-pass  Stone  is  absent.  But  probably  Mr.  M'Kay  has  here 
mistaken  the  Weka-pass  Stone  for  the  Amuri  limestone,  a  very  easy 
mistake  to  make ;  and  if  thb  is  the  case  his  sections  will  agree  with 
those  in  other  localities. 

Stonyhurat. — This  place  is  on  the  sea-coast,  a  little  south  of  the 
mouth  of  the  Hurinui.  Here  the  Amuri  limestone  is  overlain  by  a 
grey  sandstone,  probably  the  representative  of  the  Weka-pass  Stone. 
Between  the  two  rocks  is  a  bed  of  conglomerate  formed  by  sub- 
angular  pebbles  of  slate.  At  first  sight  all  three  appear  to  belong 
to  one  system ;  but  a  close  inspection  shows  that  the  surface  of  the 
limestone  is  fissured,  and  that  the  sandstone  penetrates  through  the 
conglomerate  into  the  fissures  of  the  limestone.  This,  however,  may 
be  due  to  chemical  erosion. 

Biver  Conway. — Some  ten  or  twelve  miles  from  the  mouth  we 
again  get  an  excellent  section  in  the  bed  of  the  river  (fig.  4).    Here 


Fig.  4. — On  the  South  Bank  of  the  Conway  Biver, 
(Distance  \  mile.) 

%AX.  N.N.W. 


3  a 

For  explanation  see  fig.  1. 

the  Amuri  limestone  is  seen  to  be  somewhat  folded,  aad  overlain 
quite  unconformably  by  a  bed  of  blue  marl  passing  upwards  into 
pale  yellow  sandstone  *.  As  will  be  seen  later,  the  fossils  found 
in  this  marl  make  its  age  rather  doubtful.  I  believe  it  to  be 
the  same  as  the  Grey  Marl  of  the  Weka  Pass,  but  it  may  be  younger. 
Br.  von  Haast  says  of  this  section,  "  The  lowest  limestone  layers  have 
been  deposited  without  disturbance,  but  seem  afterwards,  on  the 
western  side,  to  have  been  folded  up  in  a  most  remarkable  manner, 
after  which  newer  beds  of  the  same  rock  have  again  been  deposited, 
reposing  unconformably  upon  the  lower  beds.  This  fold  does  not 
occur  on  the  opposite,  eastern,  side,  but  the  unconformity  between 
the  upper  and  lower  beds  exists  there  also  "  t.  The  fossils,  how- 
ever, show  that  the  upper  rocks  are  much  younger  than  the  Amuri 


*  'Geological  Reports/  1873-74,  p.  48. 
t  *  Geological  Keports,'  1870-71,  p.  40. 
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limeetone  upon  which  they  rest,  and  the  unconformity  therefore  is 
not  due  to  local  causes,  hut  is  the  result  of  a  general  denudation. 

Amuri. — Here  we  get  another  section  showing  the  Amuri  lime- 
fltone  covered  hy  the  Grey  Marl  (fig.  6).    Dr.  Ton  Haast  thinks  that 

Pig.  5. — Section  through  Anturi  South  Bluff. 
(Distance  one  mUe.) 


5 
For  exphtnatiou  see  fig.  1. 

the  Grey  Marl  (called  Leda-heds)  has, .  at  the  South  Bluff,  been 
deposited  in  sequence  on  the  Amuri  limestone  *  ;  hut  he  makes  a 
difference  in  the  dip  of  the  two  rocks.  For  in  his  section  he  shows 
the  limestone  dipping  E.  70°,  and  on  p.  38  of  his  report  he  says 
that  the  Grey  Marl  dips  S.E.  48°  to  22"".  At  the  same  locality  I 
found,  like  Dr.  von  Haast,  that  the  Amuri  limestone  dipped  E.  70®, 
and  that  the  Grey  Marl  in  contact  with  it  dipped  E.S.E.  45°, 
gradually  changing  to  S.E.  15°;  thus  indicating  an  unconformity, 
although  the  actual  junction  of  the  two  rocks  was  not  seen. 

According  to  Mr.  M^£ay,  a  hed  of  '^  green-sand  conglomerate " 
comes  hetween  the  Amuri  limestone  and  the  Grey  Marl,  which  he 
supposes  to  represent  the  Weka-pass  Stone  f.  He  has  no  doubt 
that  all  are  conformable  and  helong  to  one  system,  hut  he  makes 
the  Amuri  limestone  to  dip  E.S.E.  45®  J,  and  the  Grey  Marl  to  dip 
S.E.  45°  to  15°.  He  also  shows  that  the  Amuri  limestone  thins  out 
in  a  distance  of  about  a  mile,  from  630  feet  at  South  Bluff  to  330 
feet  at  Amuri  Bluff,  while  the  underlying  beds  belonging  to  the 
Waipara  System  retain  their  thickness,  or  even  get  thicker  §.  In 
a  bed  of  argillaceous  limestone  with  fiints,  which  extends  from  the 
Waipara  to  Cape  Campbell,  this  rapid  local  thinning  in  the  middle 
of  its  length  looks  much  like  the  result  of  denudation. 

No  fossils  had  been  described  from  the  Grey  Marl  at  this  locality 
when  I  wrote  my  report,  and  I  placed  it  in  the  Pareora  System 
(Miocene)  because  the  rocks  in  the  Conway  were  supposed  to  be  of 
that  age.  Since  then  Dr.  Hector  has  found  Pecten  Zittelli  and  other 
fossils  in  it  which  would  make  it  probably  the  same  bed  as  the 
Grey  Marl  of  the  Weka  Pass. 

•   •GeologicalEeport8,'1870-71,  p.  37. 

t  This  is  the  '*  Fuooidal  limestone  "  of  Dr.  Hector  (Cteol.  Beports,  1873-74, 
p.  xi).  which  he  places  below  Weka-pass  Stone  (GeoL  Beporta,  1877-78,  p.  192). 
Mr.  M'Eay  obtained  bones  of  Palaeud^tes  antarcticus^  Huxley,  from  it. 

I  Judging  from  this  dip  Mr.  M'Kay  appears  to  consider  as  Amuri  lime- 
■tone  the  same  beds  that  I  consider  to  be  Grey  Marl ;  and  this  may  sooountfor 
his  statement  that  Peeten  Zittelli  occurs  in  the  former  rock. 

i  *  Geological  Reports,'  1874-76,  p.  178. 
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Kaikoura  Peninsula. — This  is  perhaps  the  most  satisfactory  of  all 
the  sections  along  the  coast,  as  both  the  Amnri  limestone  and  the 
Grey  Marl  are  clearly  exposed  in  sea-cliffs,  especially  at  the  eastern 
end  of  the  peninsula.  Dr.  von  Haast  gives  sections,  mnning  east 
and  west  from  East  Head,  showing  the  Grey  Marl  (called  Scalaria- 
beds)  resting  quite  unconformably  on  the  limestone,  and  he  de- 
scribes the  marl  as  much  younger  than  the  limestone  and  often 
unconformable  to  it*.  In  my  report  (1873)  I  gave  a  section  of 
East  Head  (fig.  6),  running  in  a  north-east  and  south-west  direction^ 

Fig.  6. — East  Head  of  Kaikoura  Peninsula, 
(Distance  one  mile.) 


W.B.W.  6°. 


For  explanation  see  fig.  1. 


8        ♦ 
W.S.W.  16«. 


which  is  merely  a  sketch  of  the  cliffs  as  seen  from  the  sea,  and 
which  quite  confirms  the  opinion  of  Dr.  von  Haast.  Dr.  Hector, 
however,  denied  the  correctness  of  these  reports,  and  Mr.  M*Kay 
subsequently  gave  a  section  showing  the  two  rocks  apparently  con- 
formable t,  but  in  his  report  he  makes  no  allusion  to  the  subject, 
and  does  not  even  mention  his  section. 

The  true  position  of  the  beds  is,  however,  quite  clear  and  un- 
mistakable by  any  one  who  will  walk  round  East  Head.  But  as 
further  evidence  may  be  necessary,  I  give  from  my  note-book  the 
plan  and  section  of  a  junction,  a  few  yards  long,  between  the  two 
rocks,  as  seen  on  the  sea-beach  on  the  south  side  of  the  peninsula 
(fig.  7). 

Fig.  7. — On  South  Beach  of  Kaikoura  Peninsula,     Plan  and  Section 
showing  junction  of  Amuri  Limestone  and  Orey  Marl, 


Plan. 


Section. 


For  explanation  see  fig.  1. 

*  *  Geological  Eeports,'  1870-71,  p.  43 ;  sections  vii.  and  viii. 
t  'Geological  Eeporte/  1874-76,  p.  170;  section  A  A. 
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No  fossilH  have  been  found  in  the  Grej-  Marl  here,  but  no  doubt 
it  19  the  same  rock  as  the  marl  at  Amuri  BlwlF,  about  13  railea 
distant. 

Conclusions, — The  following  conclusions  can,  I  t!iink,  be  fjMily 
drawn  from  the  erideEco : — 

1.  The  sections  at  Waipara,  Weka  Pass,  and  Motuiiau  Hirer  all 
show  that  the  Grey  Marl  p  tig  sea  up  conformably  int^  the 
Mount-Brown  beds ;  and  theso  are  the  only  deecribed 
Beetions  in  the  whole  of  Now  Zealand  where  the  rektioas 
between  these  two  rocks  can  be  studied. 

2*  At  the  Motunan  RiTer  the  evidence  is  clear  that  an  uncon- 
formity exists  somewhere  between  the  Grey  Marl  and  the 
lower  beds  of  the  Waipara  System. 

3.  At  Kaikonra  Peninsula  (and  probably  at  Amuri  Bluff  and 
lliver  Couway)  tbe  evidence  is  clear  that  the  break  ia  some- 
where between  the  Grey  Marl  and  the  Amuri  limestone. 

4#  At  Waipara  and  Weka  Pass  the  Grey  Marl  passes  downward^ 
conformably  into  the  A\'cka-pa9B  Stone.  The  same  b  pro- 
bably the  ease  in  the  ^fotunau  Uiver;  and  these  are  all  the 
described  seetioos  in  New  Zeidand  wbere  the  relations  be- 
tween these  two  rocks  can  be  studied. 

o.  At  Waipara  and  Weka  Pai^s  (and  probably  at  Stony  hurst)  the 
Weka- pass  Stone  rcst^  on  a  water  worn  surface  of  the  Amuri 
limciatone.  In  the  Weka-Pass  district  the  Weka-paas  Stone 
overlaps  the  Amuri  limestone,  and  Mr,  McKay's  sectioo  of 
the  Mot  uniiu  River  probably  shovvti  that  it  rests  unconformaldy 
on  tho  lower  beds  of  the  Waipara  System. 

Consequently  the  break  in  tho  succession  must  be  between  the 
Weka-paEs  Stone  and  the  Amuri  limestone. 

PalSONTOLOOICAL  EvlDEKCE. 

As  it  is  neces^nry  to  rcj^trict  ouraelves  to  the  described  fossils  that 
have  been  found  in  the  district  inehided  in  the  sections,  and  not  to 
take  in  any  from  supposed  eqmiraJents  of  the  rooks  elsewhere,  tho 
paheontological  evidence  is  limited. 

The  Amuri  iimt;4ttonf  is  almost  unfossiliferous,  at  any  rate  it  con- 
tains no  characteristic  ibssils,  but  it  is  alwa^^s  associated  with  un- 
derlyinf?  rocks  containing  remains  of  marine  Saurians  and  Mesozoic 
MoHnsca.  Mr.  M*Eay  says  that  at  Anuiri  Bluff  it  contains  the 
same  fossils  as  the  Grey  Marl  ♦,  but  the  only  evidence  of  any  value 
that  he  gives  is  the  fiiidinjj  of  IWttn  ZittfUi,  nntton,  in  the  Amiui 
limestone.  1  have  already  hinted  that  this  shell  may  have  oome 
from  the  Grey  Marl,  where  it  was  found  by  I>r,  Hector ;  hut  if  its 
occurrence  in  the  limestone  should  lie  confirmed,  it  would  merely 
lessen  the  value  of  i\  ZiiteUi  for  correlating'  rocks ;  as  this  spceie* 
posses  up  into  the  I*areora  System  (Miocene). 

•   Trww.  N.  Z.  Institute,  h.  (ltJ7fi)»  p.  58^ 
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In  the  Wekih'pass  Stone  the  following  fossils  have  been  found : — 
Bones  of  Cetaceans,  Voluta  elongata,  Hntton,  Scalaria  rotunda, 
Hatton,  Struihiolaria  senex,  Hutton,  Pecten  ffochstetteri,  Zittel, 
Meoma  Orawfordi^  Hutton,  Schizaster  rotundatus,  Zittel,  and  JPZo- 
heUum  circulare,  Tenison-Woods.  All  these  are  also  found  in  other 
parts  of  New  Zealand  in  beds  generally  admitted  to  be  of  Upper 
Eocene  age;  and  Dr.  Hector  even  mentions  Struihiolaria  senex, 
Pecten  Hochstetteri,  and  Meoma  Crawfordi  as  characteristic  of  the 
Upper  Eocene  rocks  *.  Pecten  Hochstetteri  passes  up  also  into  the 
Pareora  System,  and  Flabellum  circular e  into  the  Pliocene  beds 
of  Shakespeare's  Cliff  at  Wanganui,  in  Wellington  Province.  None 
of  them  are  known  from  the  Waipara  System  f.  The  palseon- 
tological  evidence  is  therefore  altogether  in  favour  of  the  Weka-pass 
Stone  belonging  to  the  Oamaru  System. 

In  the  Qrey  Marl,  Dr.  Hector  has  found  Pecten  Zittelli  in  the 
Weka  Pass  J  and  at  Amuri  Bluff,  and  Mr.  M*Kay  has  found  it  at 
Motunau  Kiver  together  with  Dentalium  tenite,  Hutton.  Flabellum 
hticostaium,  Tenison-Woods,  has  been  obtained  from  the  Weka  Pass. 
All  these  fossils  occur  in  other  places  in  rocks  belonging  to  Uie 
Oamaru  System.  Pecten  Zittelli  was  originally  figured  by  Zittel 
from  rocks  which  both  he  and  Dr.  von  Hochstetter  considered  as 
Oligocene  or  Upper  Eocene.  None  of  them  are  known  from  the 
Waipara  System  unless  P.  ZitteUi  extends  into  the  Amuri  lime- 
stone. The  Grey  Marl  must  therefore  be  placed  in  the  Oamaru 
System. 

From  the  marl  in  the  Conway  River  have  come  Natica  solida.  Sow., 
Solendla  australis,  Quoy  and  Gaimard,  SoleneUa,  Salicomaria  irn- 
mena,  Tenison-Woods,  Scolangia  parvisepta^  Tenison-Woods,  and 
BalanophyUia  alia,  Tenison-Woods.  Of  these  SoleneUa  australis  is 
still  living,  and  Natica  solida  is  common  in  the  Pareora  System. 
It  has  also  been  obtained  in  the  Weka  Pass,  but  from  which  rock  is 
unknown.  There  is  nothing  here  to  connect  this  bed  with  the  Grey 
Marl  at  Weka  Pass  and  at  Amuri  Bluff,  and  its  age  must  for  the 
present  remain  doubtful. 

The  palsBontological  evidence  is  therefore  decidedly  in  favour  of 
tiie  Weka-pass  Stone  and  the  Grey  Marl  belonging,  with  the  Mount- 
Brown  beds,  to  the  Oamaru  System.  The  Amuri  limestone  is 
allowed  by  all  to  belong  to  the  Waipara  System,  but  as  it  is  almost 
unfossiliferous,  there  is  no  palseontological  evidence  as  to  its  proper 
place.  It  is,  however,  always  associated  with  rocks  of  admitted 
Cretaceous  age ;  while  beds  containing  the  same  fossils  as  those  from 
^^  the  Weka-pass  Stone  are  found  in  many  places  in  New  Zealand 

^  from  which  no  rocks  containing  generally  admitted  Cretaceous  fossils 

\  are  known  §.     Consequently  the  palseontological  break  must  be  be- 

*  *  Geological  Eeports/  1878-79,  p.  76;  and  'Handbook  of  New  Zealand,, 
2nded.,  1883,  p.28. 

t  Such  \b  my  impression.  The  Cretaceous  Mollusca  of  New  Zealand  haye 
not  yet  been  described.  t  *  Geological  Eeports,'  1873-74,  p.  10. 

I  The  following  are  examples : — Lower  Waikato  District  in  Auckland, 
Qolden  Bay  in  ifelson,  Brighton  on  tbe  west  coast  of  the  South  Island,  the 
•outb-eastem  portion  of  the  Canterbury  Province,  Oamaru  in  Otago,  and 
I  ^J^ton  in  Southland. 
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twcen  tlie  Amuri  Hmestonc  and  the  Weka-pa&^  Stone,  exactly  where 
the  strati  graphical  CTidence  places  it. 


In  his  *  Progress  Report  ef  the  Geological  Survey  of  Kew  Zealand  * 
for  1881  (p.  xiii),  Dr.  Hector  has  giren  his  reasons  in  farour  of  a 
Cretaceo-tertiary  System,  and  I  gladly  reproduce  them  bo  tliat  hoth 
sides  of  the  case  may  be  taken  into  consideration*  He  say  a,  "  Th« 
objections  which  have  been  suggested  against  the  present  classifi- 
cation appear  to  rely  for  substantiation  on  the  fact  that  the  fosrils 
of  certain  loc^ties  are  not  in  every  rcj^pect  those  found  in  other 
localities,  and  thus,  while  the  Cretaceous  age  of  the  beds  in  some 
districts  is  not  disputed,  in  other  localities  the  coal  series,  although 
lithologieally  the  same  in  character,  and  dosed  by  beds  acknowledged 
to  be  the  equivalent  of  those  terminating  the  admittedly  Cretaceous 
rocks,  are,  on  account  of  a  more  Tertiary  aspect  of  their  foftsils,  pro- 
nounced to  belong  to  a  younger  formation.  In  Northern  Canterbury, 
afl  far  south  as  the  llakaia  River,  the  coal  rocks  are  overlain  1^ 
fossiliferoTis  strata,  which,  hesidt^  the  Plesiosauroid  reptiles  for 
which  the  IfS'aipara  district  is  famous,  contain  a  few  Secondary 
gen  era  J  such  as  BelemniteSj  Aporrhms^  Ittoc^ramu^,  and  Tri^onia; 
hut  the  great  maas  of  the  associated  mollusean  fauna  agrees  with 
that  of  the  coal  rocks  in  other  parts  of  Kew  Zealand,  where  the 
specially  Cretaceous  forms  are  rare  or  absent  from  the  fossiliferont 
horizons  immediately  overlying  the  coal-seams.  If,  there  fore,  after 
eliminating  the  comparatively  few  fossils  which  form  the  peculiaxttiai 
of  two  localities,  the  bulk  of  those  remaining  are  found  to  be  the 
Bame,  there  need  bo  no  hesitation  in  oonsideritig  strata  showing  the 
same  succession  of  like  characters  in  its  different  divisions  as  be- 
longing to  the  same  scries  ;  and,  if  in  any  one  of  these  localitiefi  there 
is  oridenco  that  the  beds  are  of  Cretaceous  age,  the  other  moat  ht 
regarded  as  of  that  age  also.  But  if,  in  addition  to  this,  there  be. 
in  those  localities  where  the  lower  beds  lack  fossils  proving  thdr 
Cretaceous  age»  a  presence  of  Cretaceous  fonug  in  thp  higher  beds 
of  the  same  series,  the  correctness  of  the  correlation  will  in  this 
way  he  corroborated.  It  is  partly  by  evidence  of  this  kind  that  tlie 
Cretaceous  age  of  several  of  our  coal-beuring  areas  \b  sought  to  be 
©8tahlii*hcd/' 

But  in  this  argument  there  is,  I  venture  to  think,  a  fallacy.  It  ta 
no  doubt  true  that  the  coal  of  the  Waiparu  is  overlain  by  groeu  sand- 
stones  and  calcareous  rocks  of  Cretaceous  ag<%  and  that  these  are  again 
overlain  by  other  calcareous  rocks  containing  fossib  of  Tertiary 
aspect^  such  as  Fecten  Ifochsffttcn  and  P.  ZittfJli.  But  it  is  not  ac-- 
ktiowlodged  that  these  latter  terniinate  the  Cretaceous  rocks.  «_>n 
the  contrary  it  is  asserted  that  they  form  a  distinct  series^  aeparated 
physically  and  palseontologicaUy  from  the  Cretaceous  System,  and 
belonging  to  an  Oligoceno  System.  Consequently  it  is  not  admitted 
that  the  great  mass  of  the  MoUuscan  fauna  associated  with  imiriiio 
Saurians  at  Waipara  **  agrees  with  that  of  the  ooal-ro€k»  in 
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parts  of  New  Zealand."  For  this  statement  can  only  be  supported 
by  taking  the  fossils  of  the  Weka-pass  Stone  and  ijie  Grey  Marl, 
together  with  their  equivalents  in  other  parts  of  the  colony,  such  as 
the  Ototara  and  Cobden  limestones,  as  belonging  to  the  Waipara 
System.  I  judge  this  to  be  Dr.  Hector's  meaning,  because  a  Uttle 
farther  on  he  says,  '^  The  Cretaceous  character  of  the  Echinodermata 
found  in  the  Cobden  limestone,  also  present  in  the  Ototara  stone, 
warrants  the  reference  of  these  beds  to  a  period  anterior  to  that  of 
any  Tertiary  deposit  in  the  islands,  the  oldest  of  which  is  at  least 
[?  most]  Middle  Eocene,  and  separated  by  unconformity  from  the 
underlying  beds."  But  passing  over  the  Tertiary  Mollusca  asso- 
ciated witil  these  Echinodermata,  I  cannot  admit  the  Cretaceous 
character  of  the  Echinodermata  themselves.  Up  to  the  present,  six 
species  have  been  described  from  the  Cobden  limestone,  belonging  to 
tiie  genera  Maeropneustes,  Eupatagus,  Meoma,  and  Schizaster.  It 
was  with  reference  to  these  very  fossils  that  I  wrote  in  1873,  in 
the  introduction  to  the  '  Tertiary  Mollusca  and  Echinodermata  of 
New  Zealand,'  that  "  an  examination  in  the  field  of  the  Culverden 
beds  ♦  showed  me  that  these  also  must  be  transferred  to  the  Ototara 
group,  and  the  Weka-pass  building-stone  to  the  lower*  part  of  the 
same  formation.  This  necessitated  the  transference  of  the  Cobden 
limestone  also  into  this  formation,  thus  eliminating  from  the  Waipara 
formation  most  of  its  Tertiary-hoTcing  fossils^  It  must  also  be 
remembered  that  Pecten  ZitteUi  occurs  in  the  Cobden  limestone. 

As  the  Mollusca  of  the  Waipara  System  have  not  yet  been  de- 
scribed, I  may  be  mistaken ;  but  my  impression  is,  after  looking 
over  the  collections  in  the  different  Museums,  that  if  the  line  be- 
tween the  Waipara  and  Oamaru  Systems  be  taken  immediately 
above  the  Amuri  limestone,  hardly  any  species  of  Mollusca,  perhaps 
not  a  single  one,  will  be  found  on  both  sides  of  it ;  whereas  if  it 
be  drawn  anywhere  above  the  Weka-pass  Stone  there  must  always 
be  a  large  number  of  species  found  on  both  sides  of  it. 

I  have  already  stated  that  no  characteristic  fossils  have  been  de- 
scribed from  the  Amuri  limestone  itself,  and  consequently  an 
equivalent  in  any  other  part  of  New  Zealand  can  only  be  demon- 
sb^ted  at  present  by  showing  that  it  contains  fossils  characteristic 
of  the  other  beds  of  the  Waipara  System,  or  that  it  rests  conformably 
on  beds  containing  such  fossils ;  and  in  the  latter  case  the  proof 
would  not  be  conclusive,  as  the  Oamaru  System  might  appear  con- 
formable in  some  places  to  the  Waipara  System. 

Again  it  is  true  that  the  Coal  at  Whangarei  and  the  Bay  of 
Islands,  in  the  Province  of  Auckland,  is  overlain  by  green  sandstones 
and  limestones  containing  Pecten  Hochstetteri,  P.  ZitteUi^  &c.,  and 
that  all  belong  to  one  system.  But  it  is  on  the  assumption  that  the 
coal  and  green  sandstones  at  these  places  are  of  the  same  age  as 
the  coal  and  green  sandstones  at  the  Waipara,  that  the  argument  is 
based  for  considering  the  beds  containing  fossils  of  Tertiary  aspect 
to  belong  to  a  Cretaceo-Tertiary  System.     But  lithological  resem- 

*  Called  Jurassic  by  Dr.  yon  Haast  and  Prof:  M'Ooy,  Geol.  BeporU,  1870- 
1871.  p.  29. 
Q.J.G.S.  No.  163.  I         ^  y 
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bkacea  can  have  bo  weiglifc  -when  opjioseil  to  paliEonblogioal 
evidence,  especially  when  the  localities  are  4.50  miles  apart.  And 
if  it  has  been  proved  that  there  is  a  break  in  the  Weka-paas 
district  between  the  Cretaceoua  beds  and  those  containing  Tertkn 
foBsilu,  then  the  coal  and  green  sandst<>ne8  at  Whangarei  oiust  U 
referred  by  their  fo&sils  to  a  Tertiary  and  not  to  a  Cretacea-TertiaTi' 
System, 

Ho  long  aa  these  fossils  are  aMumed  to  belong  to  a  CretaiOW" 
Tertiary  System,  so  long  will  Dr.  liector  be  right  in  saving  ^tiBt 
"the  classification  of  our  Lower  Tertiary  and  Upper  Cretac*K)us 
deposits  is  a  iiroblom  of  considerable  difficulty.'"  But  let  the  line 
of  division  be  taken  where  the  sections  in  the  ^\'eka-pus»  dislriflfc 
show  it  to  exigt,  and  I  think  tboiiroblem  will  be  found  e-apableof  ii 
eaay  solution. 
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'^,  Chilostomatoub  Brtozoa  from  Aldutga  and  the  River-Murbat 
Cliffs,  South  Australia.  By  Arthur  Wm.  Waters,  Esq., 
F.G.S.  '(Bead  February  25, 1886.) 

[Plate  VII.] 

The  fossils  described  in  the  present  paper  were  collected  by  Professor 
Ralph  Tate,  who  kindly  sent  them  over  to  me  for  description. 
With  a  few  exceptions,  they  are  from  Aldinga,  or  the  "Eiver- 
Murray  Cliflfe.*'  A  few  small  and  imperfectly  preserved  specimens  are 
from  a  bore-hole  in  Adelaide,  representing  a  find  which  seems  to 
have  considerable  geological  interest  They  are  evidently  from  a 
clay  matrix,  and  belong  to  species  common  in  the  clay  of  Cardies 
Creek.  The  collection  furnished  various  Cyclostomata,  which  have 
already  been  dealt  with  in  a  former  paper  (Quart.  Joum.  GeoL  Soc. 
vol.  xl.  p.  674). 

As  a  considerable  number  of  Australian  fossil  Chilostomata  have 
already  been  described,  we  naturally  find  many  old  friends ;  but 
there  are  also  several  new  forms  of  extreme  interest,  especially  as 
bearing  upon  the  question  of  the  various  modes  of  growth  of  the 
Chilostomata.  The  previous  collections  have  furnished  a  large 
nnmber  of  instances  of  a  species  growing  in  both  Eschara-  and 
Lepralia-forms,  and  we  again  find  new  examples  of  this,  among  which 
Membranipara  rhynchota.  Busk,  in  the  Eschara  stage,  is  especially 
interesting ;  and  there  are  examples  of  already-known  Smittice  and 
Monoporellas  occurring  in  a  reticulate  form ;  but  this  time  the  chief 
interest  is  in  a  number  of  specimens  which  grow  in  a  cupulate 
manner,  which  we  might  either  call  Cupularia-  or  Lunulites-form, 
and  for  convenience  we  will  adopt  the  latter.  There  is  Lepralia 
edax  in  this  form ;  a  Microporella  for  which  the  name  pocilliformis 
is  proposed ;  and,  further,  a  second  Microporella^  which  was  named 
by  Mr,  Tenison-Woods  Lunulites  magna ;  also  Memhranipora  aperta, 
Bnsk,  in  this  form.  We  are  already  acquainted  with  Cumulipora 
trannlvanica,  Rss.,  which  is  a  Microporella  growing  in  a  solid  form. 
Stichopora  clypeata,  Hag.,  and  Lunulites  Goldfussif  Hag.,  are  both 
Hembraniporidse  ;  Cellepora  crustulenta,  Hag.,  has  zooecia  similar  to 
those  of  Selenaria  maculata.  Busk ;  Lunulites  indsa,  Hincks  (  Cones- 
chareUina  eonica,  Haswell)*  is  a  species  of  the  SchizoporellideB ;  Cel- 
lepora tridenticulata,  Busk,  found  by  the  *  Challenger  *  expedition  in 
the  lamellar  condition,  is  represented  by  several  fossil  specimens, 
some  of  them  in  the  most  regular  Lunulites-form,  Another  Celle^ 
pora  also  occurs  in  this  shape. 

The  genus  Cellepora  is,  even  when  well-preserved  recent  specimens 
are  available,  a  most  difficult  one  to  deal  with,  and  with  fossils  where 
the  terminal  portion  of  the  cell  is  often  only  imperfectly  preserved 
the  difficulty  is  immensely  increased ;  but  after  repeatedly  returning 
to  this  genus  the  results  obtained  are  interesting.     In  a  paper  '*  On 

*  These  two  names  were  published  in  the  same  year,  and  I  am  unable  to  find 
*>^  at  present  which  has  precedence. 
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the  Use  of  tbe  Opercula  m  tbe  BetermiijatioB  of  the  Cheilosiomatoufl 
Bryozoa  ^-^^  I  figured  the  opercula  of  Bome  Oi*Ilqmr(f,  and  poinU^d  out 
that  the  *^  oporciila  may  asaist  very  much  to  bring  this  family  out  of 
its  present  confusion."  Mr,  Busk  took  up  the  idea,  when  working 
at  the  '  Challenger '  Bryozoa,  and  the  results  he  obtained* are  of  great 
value ;  and  I  may  eay  that  my  owii  collection  of  opercula  indicat** 
that  many  difficult  genera  may  be  brought  into  order  by  the  study 
of  the  chitinous  orgaas. 

The  opercula  are,  of  couree,  wanting  in  fossils,  but  the  exact  know- 
ledge of  the  oral  aperture  thus  gained  may  nevertheless  bo  useni. 
In  comparing  recent  with  fossil  species  it  is  moat  important  to 
study  the  opercula,  and  in  describing  this  series  of  Australian  col- 
lections such  comparison  has  always  been  made  when  possible. 

In  tbe  Oelltjtorfp  the  shape  of  the  zocecial  or  vicarious  (Bosk I 
avicularia  f  is  of  great  value  ;  but  1  must  hero  repeat  what  I  have 
already  said  (Quart.  Journ.  Geol.  Soc.  vol.  xxxix.  p,  424)  regaidiD^ 
other  genera,  namely,  that  the  presence  or  absence  of  these  aviculuit 
cannot  bo  made  a  specific  character.  Among  several  specimens  o( 
recent  CtUe^fora  aJhirostriii  from  the  Semaphore,  Adelaide,  there  are 
gome  in  which  the  vicarious  avicularia  alxiuud  ;  in  one  or  two  I  da 
not  Hud  any  ;  while  in  other  cases,  after  searching  over  a  large  part 
of  the  colony  in  vain,  a  part  is  found  where  ten  or  twelve  may  como 
under  the  field  of  the  micraseope  at  the  same  time.  Similar  condi- 
lions  obtain  in  recent  C  tridenticulafu  from  the  same  locality,  and 
among  the  fossils  we  fiud  the  same  thing  ;  for  in  one  large  block  of 
this  species  only  one  avicularium  was  found  after  a  complete  search 
among  many  thousand  Kooeeia.  In  the  preseTit  paper  the  vicarioiid 
avicularia  are  figured  of  ^lonoiwrelhi  sexamfidaris,  oorrespanding 
with  those  already  known  from  European  localities,  thus  shewing 
that  it  had  been  rightly  determined  before  these  avicularia  wetre 
found.  Many  spc^cimeua  of  C*dluria  an^ustilolni  have  now  been 
examined  j  but  it  seems  that  avicularia  have  only  been  found  in  two 
cases.  In  the  Australian  fossil  Memhrani^iat'a  Midmtidhina  only  one 
has  been  found.  In  Mtcrojioreila  thvatit  most  interesting  L&terEil 
sEocBcial  avicularia  ure  now  for  the  fir^t  time  made  known,  A» 
bearing  upon  this  subject,  it  may  be  mentioned  that  in  reexamining 
my  coUection  1  was  surprised  to  find  in  Aleinbranipora  Dumerilri  n 
vicarious  avicularium,  so  that  here  is  a  case  of  a  common  Aiemhritm' 
pora  in  which  none  have  previously  been  found  now  yieldiz^  in 
isolated  example  J» 

Only  a  short  time  ago  the  preaenoe  or  absence  of  these  organft  ^ 


•  Mancheeter  Lit.  k  PhiL  Boc*  toI.  xriii.  p.  8,  pL  i* 

t  These  zocecial  ariciikriii  haye  been  tmiDi^  **  ooyehocellartJt  *'  hf  Dr. 
Juilien  ,  and  it  '\&  doubtful  whether  it  would  not  hATC  been  bett<?p  tp  adopt 
tbif»  thun  to  ciTe  a  new  uaute.    The  mandible  lie  thcti  nnuK^e  ^^onjcbocrlliiiui/ 

I  Mr.  Biui^  in  hii  paper  '*  On  the  Use  to  bo  mndt^  of  tlic  Chiiinotu  Origacit*' 
&i!.,  desrribei  a  slender  prcNMMi  riang  from  the  middle  of  the  bsM*  of  the  «nc«- 
larion  Timndible,  and  ihts  he  tenr^s  the  "  columellH,"  und  bere  and  in  iIm  *  CIiaI- 
l^Qp^r'  Bepurt,  p.  xix.,  ftnye  that  it  oulj  occurs  tn  one  d]vi«oti  of  liie  Mia» 
CeSepara^  and  in  this  dirifiion  ''only  in  those  belonging  t^  the  MnJtkfim  hfffiii 
iphere."     I'hiii  is  bj  no  means  iLe  case,  as  it  is  to  be  found  in  Oiit^m 
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made  a  generic  test,  and  the  tendency  still  remains  to  attach  great 
weight  to  their  absence ;  but  the  instances  famished  in  this  and 
former  papers  show  that  great  caution  is  necessary  here,  though 
certainly  when  present  they  furnish  characters  of  the  greatest  value. 
Their  presence  also  often  materially  changes  the  general  appearance 
of  the  colony,  and  no  doubt  many  reductions  of  supposed  species  will 
have  to  be  made,  just  as  entomologists  have  frequently  found  that 
the  male  and  female  insects  have  received  different  names.  We 
ought  now  to  give  greater  attention  to  the  nature  of  each  character 
than  to  the  general  appearance  of  the  zoarium,  which  often  super- 
ficially varies  greatly  when  young  or  old  and  from  different  depths. 

Since  my  last  paper  was  published  the  most  valuable  and  interest- 
ing '  Report '  on  the  '  Challenger '  Bryozoa  has  appeared,  in  which, 
as  we  expected,  Mr.  Busk  puts  into  our  hands  a  series  of  splendid 
illustrations  and  concise  descriptions.  In  this  place  we  can  only 
consider  tnose  parts  which  have  a  bearing  upon  Uie  fossils  found  in 
Australia,  and  the  number  of  representatives  of  this  fossil  fauna  is 
not  so  large  as  we  expected,  but  we  find  Porina  coronata^  Rss. 
(Es(^ra  grcunlis,  Bu^),  SchizoporeUa  phymatopota  {Myriozoum 
honoltJense,  Busk),  CeUepora  albirostng,  C,  tridenticuUUa^  and  Mono- 
poreUa  erassatina^  W.,  all  of  which  seem  to  have  been  common 
fossils.  It  will  be  seen  that  the  generic  names  used  are  not  in  every 
case  the  same ;  and  we  tnay  point  out  that  Mr.  Busk  has,  of  course, 
abandoned  the  classification  which  he  found  it  convenient  to  adopt 
thirty-two  years  ago,  before  the  labours  of  Smitt,  Hincks,  and 
others  had  shown  that  the  zooecial  characters  must  be  taken  as  of 
most  importance.  It  is  not,  however,  astonishing  that  Mr.  Busk 
should  now  and  then  show  a  predilection  for  a  style  of  classification 
not  quite  in  accordance  with  the  thorough  changes  which  some  of 
us  feel  must  be  adhered  to ;  but  these  are  now  matters  of  detail, 
as  the  main  modem  principles  are  recognized,  and  we  may  say  all 
leading  authorities  are  now  working  in  the  same  direction. 

As  instances,  the  divisions  of  the  families  Membraniporidee  and 

ion&mica,  W.,  from  the  Mediterranean,  and  in  C.  coranopus,  C.  retuaa^  yar. 
eaminata,  and  other  species.  Mr.  Busk  {loc.  cit.  p.  90,  note)  seems  to  have 
looked  in  vain  in  C,  sardonica  for  it ;  but  perhaps  he  only  examined  the  oral 
ATicolaria,  in  which  none  are  to  be  found,  whereas  in  the  small  semicircular 
mandibles  it  is  readily  distinguished.  On  referring  to  a  drawing  of  a  mandible 
made  when  deacribine  C.  sardonica  some  years  aco.  I  find  that  there  is  a  large 
«>lamella  shown,  and  upon  reexamination  I  find  them  usually  quite  distinct, 
tbough  in  some  other  speoies  they  are  but  rudimentary.  In  many  species  there 
ii  a  dentiole  in  this  position  rising  from  the  calcareous  bar  which  divides  the 
Sficularium,  and  this  is  shown  in  my  figure  of  C.  sardonica  (Ann.  &  Mag.  Nat 
ffist  ser.  6,  vol.  iii  pi.  14.  fig.  5),  and  may  be  seen  in  C.  aUnrostris,  C.  trtdenH- 
eulaia,  yarious  Bet^acrtB,  L^pralia  edax^  Ac,  being  by  no  means  confined  to 
(kUepiortt.  It  is  thus  seen  that  it  may  sometimes  be  a  useful  character  in  de- 
termininff  foesils.  The  mandible  of  Diachoria  TnageUanica,  Busk,  has  a  double 
"  colume^'*  I  think  that  it  will  be  found  that  what  Mr.  Busk  describes  as 
"  ihort  hairs  "  on  the  columella  are  only  the  remains  of  the  attachment  of  mus- 
cular threaids.  The  subject  of  the  avicularian  mandibles  I  have  dealt  with 
more  fully  in  a  paper  which  wiU  appear  in  the  Journal  of  the  Boyal  Micro- 
JKopical  Society,  ser.  2,  vol.  v.  pt.  iv. 
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Microporidir  seem  singularly  un fort u note,  although,  no  doubt,  ifon- 
branijjora  must  be  broken  up,  not  merely  beLauhe  it  hm  become 
unwieldy,  hut  because  species  are  included  in  it  in  which  there  ate 
important  ditferencea  of  organization.  It  seems  clearly  adriwibJe 
to  include  in  one  family  only  those  forms  in  which  the  opeitttlum 
is  fixed  in  the  flexible  membrane  covering  the  zorrciol  area  (opeiiji, 
Jullieu),  as  in  Mejnhranij^orn  an^loia,  M.  mernhnnmcmt  &«.; 
whcreafl  those  like  Micropoi-a  uncifera^  Busk,  which  have  a  *'  com- 
plete "  operculum  placed  in  a  correstponding  aperture  with  a  cal- 
careous border  should  be  placed  in  another  family;  hut  in  tlie 
'  Report '  AmpMbkstrutn  capense.  Busk  *,  a  species  in  which  theiper- 
turo  is  entirely  closed  by  a  thick  operculum,  is  put  amon|r  the 
Membraniporidae,  a  family  in  which  the  calcareous  aperture  is 
opestial,  and  not  opercular.  Then  again,  under  tbeMicroporidc,ire 
find  ai  type  the  genua  Mkropora^  which  alwaje  haa  an  opereakf 
0|>eiiing  ;  next,  the  genus  Viiunthtria^  in  which  there  is  an  ope»i^ 
and  in  the  membranoua  cover  an  operculum  closely  resembling 
those  of  Mcmbranij^ora  aiifjalom,  Rcis.,  StUnarm  maculata^  kc^ 
while  Sieganoporella  has  opercular  apertures. 

Both  Yincu^ariu  and  EntJuirii  are  genera  that  have  included  widflj 
divergent  forms,  and  on  the  cylindrical,  or  erect  bilaminar,  mode  of 
growth  the  genera  hove  been  based ;  therefore  it  is  much  to  b« 
regretted  that  they  have  been  revived.  Two  species  of  Eickara  vt 
described,  K.  ehymiitda^  Busk,  as  to  the  position  of  which  we  msy  at 
present  withhold  judgment ;  and  E,  tjmcilig^  Busk,  a  speciea  which 
is  found  in  all  stages,  from  a  rerj  (ielicate  Vincuhiria  form  to  lAfge 
flat  foliaceous  growth,  and  which  in  this  and  former  papers  is  oalM 
Porina  curonata^  Itss.,  a  determination  based  ujion  direct  compuri- 
8«n  with  typical  P.  coronata  from  the  Italian  Pliocene,  with  rctwnt 
specimens  sent  over  by  Mr.  HasweU,  and  with  a  considemhl*' 
series  of  Australian  fossils.  The  divisions  of  the  family  Es^^haridr 
are  partly  based  upon  the  mode  of  growth,  which  h  interei^ting  for 
momentary  classification,  if  we  do  not  forgot  that  the  form  is  often 
ao  variable  that  we  might  iilmost  call  it  accidental.  This  variahilitr 
can  be  fieen  in  CrihriUita  tnonoeeros^  0.  terminaUt,  and  over  a  hundifd 
other  species. 

Mffrhzoum  is  a  name  given  by  Doiuiti  to  the  living  erect  cylindri- 
cal J/,  trittimliim^  which  has  some  structures  so  different  from  thol» 
of  the  majority  of  the  Chilostomata,  that  it  is  doubtful  if  it  shouM 
not  he  placed  in  a  separate  division.  The  central  spongy  stmclult 
LB  entirely  wanting  in  the  species  which  Mn  Busk  nowplaoe«  imdo' 
Myriozoum^  but  probably  all  the  *  Challenger  *  species  will  be  ibttod 
to  fall  into  existing  genera.  J/.  Jmnohdrfnte  is  really  in  the  Heme- 
scharine  stage,  and  is,  in  the  present  and  previous  papers,  culled 
SchizojyonUtt  jih i/imttoimrft .  M^ximjih^  is  kno^ni  as  Cfll^iora  mat^ 
garit/iem^  Pourtalcs,  but  cannot  remain  with  the  Celhpora,  The 
name  of  M.  iminfrstim  must  be  changed;  as  it  is  very  near  to  a  s|jed«f 
called  Oiichop&ra  immersa  by  Mr.  HasweU. 

Iklr.  Itusk  proposes  a  genua  Adeonelia  for  forma  whieh  h»Tf  pre- 
•  This  1  ha^e  from  Algoo  Bay. 
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yiously  been  placed  under  Microporella^  and  as  many  occnr  fossil 
from  Australia  and  other  places,  it  becomes  necessary  to  give  especial 
attention  to  this  new  genus.  It  would  certainly  seem  that  a  number 
thus  placed  have  marked  characteristics,  which  make  it  advisable  to 
separate  them ;  but  Mr.  Busk  has  certainly  overlooked  important 
points,  which  make  it  necessary  to  reduce  his  list  very  largely ;  for 
6ome  have  a  median  pore  entering  into  the  zooBcial  cell,  while  others 
have  a  pore  or  opening  above  the  opercular  aperture,  and  every  one, 
whatever  his  ideas  of  classification,  will  admit  that  this  is  a  most 
important  distinction,  placing  them  in  different  families  in  spite 
of  a  certain  similarity  in  general  appearance.  The  importance  of 
noticing  the  position  of  the  median  pore  or  opening  I  pointed  out 
(Quart.  Joum.  Geol.  Soc.  vol.  xxxviii.  p.  269)  when  considering 
Porina  larvalis,  MacG.,  and  this  distinction  is  recognized  by  Mr. 
Busk  when  creating  the  genus  Haswellia.  My  own  collection  is  not 
very  rich  in  these  groups,  but  nevertheless  is  ample  to  study  them. 
Adeondla  platalea,  Busk,  for  which  I  am  indebted  to  Mr.  Haswell, 
who  sent  it  over  as  Eschara  hexagontUis,  is  a  most  characteristic 
AdeoneUa,  with  oral  operculum  and  avicularian  mandible  correspond- 
ing with  Mr.  Busk's  figure,  and  here  the  pore  enters  into  the  peri- 
stome just  above  the  operculum,  which  is  placed  very  low  down. 
Adeondla  polystomella^  Ess.  {Eschara  PaUasii,  Heller),  living  near 
Naples  and  elsewhere  in  the  Mediterranean,  and  fossil  from  the 
Miocene  and  Pliocene,  has  the  charactenstio  operculum  of  the 
Adeondla  group,  and  the  central  pore  opens  above  the  oral  aperture, 
80  that  when  a  young  cell  is  examined,  there  is  no  pore,  but  one  is 
afterwards  formed  by  the  growth  of  the  peristome  which  at  an  early 
stage  bridges  over  the  front,  just  as  figured  by  Mr.  Busk  in  Smittia 
jaeohensis  (pi.  xix.  fig.  7).  The  oral  aperture  of  Adeondla  poly- 
stomeUa  has  a  sinus  which  is  seen  through  the  central  pore.  Micro- 
poreUa  violacea,  Johnst.,  which  Mr.  Busk  would  now  include  in  a 
genus  Beptadeondla,  has  a  true  median  pore  which  enters  into  the 
zoGBcial  cavity,  and  is  formed  when  the  zooecium  is  in  an  early 
stage.  It  also  has  an  operculum  with  a  straight  edge,  similar  to 
that  of  MicroporeUa  cUtcUa^  &c. 

From  Mr.  Busk's  figures  and  from  specimens  collected  near  Capri, 
it  is  dear  that  MicroporeUa  distoma  is  not  an  AdeoneUa  ^  nor  is  M, 
coicinopora,  Rss.,  which  is  distinct  from  M.  distoma.  M,  lichenoides, 
M.-£dw.,  and  M.  fissa^  Hincks,  have  also  the  median  pores  opening 
into  the  zocecial  cavity,  and  must  at  present  be  united  with  Micro- 
poreUa, though  possibly  they  may  some  day  be  placed  in  a  separate 
genus.  This  leaves  us  with  AdeoneUa  polymorphs,  B. ;  A.platalea, 
B. ;  A,  intricaria,  B. ;  A,  atlantica,  B. ;  A,  pectinata,  B. ;  A,  poly- 
ftomeUa,'Raa. 

Seeing  that  the  median  pore  of  the  Microporellidse,  and  the  central 
pore  of  AdeoneUa  are  structurally  different,  and  that  the  oral  aperture 
and  operculum  in  the  two  f&milies  have  different  shapes,  we  feel  sure 
that  it  merely  requires  this  to  be  pointed  out  for  Mr.  Busk  and 
every  one  else  to  see  that  they  cannot  bo  placed  in  the  same  genus ; 
for  it  would  be  going  back  in  classification  if  we  were  to  be  misled 
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by  geneml  appearauee  when  the  fcwo  most  important  cLoracten  axe 
utterly  different, 

Mr.  Busk  frequently  refers  to  the  enlarged  ooecial  cells  without 
giving  figures,  which  is  much  to  he  regretted,  as  such  cellfi  are  not 
always  to  he  found,  and  in  no  species  of  Ademulla  have  I  ever  eeen 
any.  In  ^.  polystomeUa  the  border  cells  are  slightly  larger  and  ht?e 
but  seldom  an  avicularium,  and  in  many  Cretaceous  t'osails  with  an 
Eacharine  growth  the  border  cells  are  frequently  larger  than  the 
central  ones  without  there  being  reason  to  suppose  that  they  are 
modified  cells.  The  finding  of  a  polypide  Qoc,  ciL  p.  178)  in  an  oricdl 
is  >o  entirely  at  variance  with  all  our  previous  coneeptioiis,  that  WC 
should  have  been  glad  to  have  had  fuDer  particulars  and  figures* 

The  collection  here  described  furnishes  73  apecies,  of  which  46  art 
known  linn^,  bringing  the  number  of  Australian  fossil  Bryozoa  de- 
scribed up  to  220,  of  wliich  just  about  half  have  been  found  living* 


List  of  SpeciiS, 


Celluia  tualrJnetiKLt,  ButJt. .,,.... 

—  HDgniCiloba.  £...,.*.........*.. 

Membratif  pora  *pt<rl»^  Muik ,..,, 

— —  dmiUiriM^  d  Orb,  .*.. 

Savurtii*  Attil.  ......<........., 

— -  rsdiuif^ra,  Minek».,„,» ,. 

rhynchota,  3u*k  ..,„„..*>... 

- — -  t«im]>0T&ria,  bik  aoT 

^  Fli!inin^ii,  Biuit    » 

cyliodnfonitis*  Wat«r$  .,.., 

—  mrTict-Uii,  T.  TFbo^ 

MuhMudiatWi  d'Orh ,,* 

— -^  trifoliam,  Tw,   » ,.„,„.„^ 

Mioropom  puiiLb,  Wattn „. 

pfsdianta^MatG. ».* 

MoooporaUik  ovAHUInat.  Wattrt 
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U-miiii&tat  ll'atfT*  „„,„.„» 

Miiora«i«Uii  ntm-JoiiAU,  8m^  ,.„. 

amda,  Verritt  

ooeeinoa,  vwr.  ummillAto.  B. 

- — ^oocittea,  T.  Tt^tupina^^Misnt. 
ICkraporviln  frrtscA,  Xanur.    ........ 

oovdnapora.  tiw.  arEuto,  W. 

—^•^  riolAceA,  Joknsf..  Yjur.  flm,  W. 

nrnunwtrii'a,  Waitrr§   . . . 

* fBrnw,  J*  tt/rri 

— •— pocilliformu,  tp.  nov,... 

(Lonolitei}  cuieiiJi,  Win 

'^^  macniroitrif,  JUaeG,  .,. 

ekvmU,  Wi>od» ,^.. 
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List  of  Species  (continued). 


43.  Lepnlia  sQbimmena,  MaeO. 

43. oonfinita,  sp.  nov 

44.  Smittut  TateU  T.  Woods 

46. LandilKMtmi     „ 

46. retionlftta*  MaeQ 

47. ■erUta.iitf.  

48. Milneanm  B.,  ▼.  oovqaata,  W. 

40.  8<duxoporell»TiiJgarU,l/o^ „.. 

•■iO. simplex.  aT.,  Tar... » „ 

5L phymatopora,  R»9 

52. rtnatala,A>n „... 

58. feneatrata.  Water*  

54. Cocilii,  And 

66. profeenaa,  n>.  noT 

56.  Maatigophora  Datertoreu  And 

57.  Betepora  mam^ii^  An 

58.  Bhrnoliopora  bispinow,  JbAnf^.  ... 

59.  Cellepora  ooronopua,  Bu§k. 

*). aTicolarif,  JSindks 

61. oofltata,  MaeO 

62. diTua,  sp.  noT. 

63. mamillata,  Btuk 

64. aUnrofltrii,  Sm „.. 

66.  ^^— pertiua,  6^11. „ 

66. ,  var.  ligolata,  nov 

67. biradlata,  sp.  nov 

66. tridenticalata,  Bu»k  

60. fo^f^SaaweU  

70t ,  var.  manuptataf  nov.  ... 

71.  Lekjrihopora  hjrrtrix,  MaeO 

73.  Capolana  c&narienais.  Busk 

73.  Sefenaria  macnlata,  Buak 
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1.  CeLLABLA  UALTIKENSI8,  Busk. 

Salicamaria  nialvinensis^  Busk,  Cat.  B.M.  p.  18,  pi.  Ixiii.  figs.  1,2; 
pL  bcv.  (his),  fig.  1 ;  '  Challenger  *  Kep.  Zool.  pt.  xxx.  p.  91,  pi.  xii. 
figs.  1,  5,  7. 

Cdlaria  malvinensis^  Waters,  Quart.  Joum.  Geol.  Soo.  vol.  xxxvii. 
p.  321,  pi.  xiv.  fig.  3. 

Salieorjiaria  immersa^  T.  Woods,  Corals  and  Bry.  of  Neoz.  Per. 
in  New  Zealand  Colon.  Mus.  &  Geol.  Surv.  1880,  p.  27,  fig.  27. 

There  are  a  few  small  fragments  of  Cellaria  from  the  River- 
Murray  CMs,  and  in  only  one  piece  is  there  a  zocBcial  avioularium. 
This  avicularian  ceU  is  of  the  same  shape  as  a  zooecium,  but  is  slightly 
smaller,  with  a  wide  avicularian  aperture.  Possibly  a  second  species 
is  also  represented.  C.  malvinensis  was  found  by  the  '  Challenger ' 
widely  distributed  in  the  southern  hemisphere  in  depths  varying 
from  5  to  1450  fathoms. 

Loe.  living :  Falkland  Island,  South  Patagonia,  Straits  of  Ma- 
gellan {Darwin).  Six  stations  of  '  Challenger '  Exped.,  from  Ker- 
guelen,  Marion  Island,  S.  America,  Fiji  Islands.  New  Zealand 
(HuUon).  Port  Wellington  (Miss  Jelly's  Coll.).  Fossil:  Mt. 
Gambler,  Baimsdale,  Muddy  Creek,   Curdles  Creek  (Australia). 
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Nelson  (from  Leda  marls  vi.),  Waipiikerau,  Shakespeare  Cliff  (Wsn- 
gai2iii)  [New  Zealand]. 

2.  Celmria  AK0U8TLL0DA,  Busk ;  Waters,  Quart.  Jouni.  GeoL  8oc 
vol.  3txi™.  p.  2(50,  pL  ix.  figs.  28-30. 

The  aricularia  are  all  situated  at  the  edge  of  the  Koarium.  The 
notch  noticed  in  the  avicularium  of  the  Monnt-Cxambier  specimcas 
is  not  dLstinguishabie  in  the  Aldinga  IbssU. 

3.  Membrajiipora  aperta,  Busk.     (PL  YII.  fig.  3.) 
Mmiihranipora  aperta,  Bttsk,  Crag  I*o!yzoa,  p.  33,  pi.  iii.  fig.  13. 

A  specimen  from  AldiDga  has  the  zoarium  conical,  resemhlitig 
LunuliUg.  The  opesial  opening  is  about  0*4  millim.  long  and 
0:25  millim.  broad,  and  the  avicularia  are  about  tbe  same  eii*?. 
The  avicularium  has  three  openings,  the  upper  one  large,  trian- 
gular ;  below  this  a  slit- like  opening,  and  still  lower  down  a  scmi- 
lunate  opening ;  when  these  last  two  are  broken  down,  they  form 
a  single  opening,  as  figured  by  Busk.  There  is  one  distal  ro9ett<^ 
plate  which  is  semilunate. 

This  is  not  the  Memhranipora  (rperta  of  Manzoiii  (Bri.  di  Ca*- 
trocaro,  p.  9,  pi,  i.  fig.  4). 

Loe.  CoralliBe  Crag, 

4.  Mi:mhranipora  circularise  d*Orb. 

Flimrina  circulari^,  d'Orb.  Pal,  Frann.  p.  305,  pi.  602,  figs.  11-13. 
^  Membranipora  tuhereulata.  Busk,  Crag   Polyaoa,  p,  JiO,  pL  ii. 

In  a  Bi>ecimen  from  the  River-Murray  Olifis  the  zoarium  consiats 
of  many  layers,  forming  an  irregular  suhglobnlar  mass,  but  perhaps 
the  colony  commenced  on  a  CdlepQra.  The  opcaia  are  variable,  in 
some  cases  being  quite  round,  in  others  subtriangular,  with  the  lower 
edge  straight  and  rounded,  and  contracted  towards  the  top ;  in  other 
cases  the  opening  is  more  oval,  Opesia  of  average  cell  O^^O-'^SS 
millim.  long.  There  are  two  small  avicularia  above  each  opcsisl 
opening ;  but  as  the  zoa^cia  are  arranged  in  quincunx,  this  makfis 
them  appear  as  if  surrounded  by  sijc  avicularia. 

The  structure  of  Flmtrina  hacaUnaj  d*Orb.,  and  F,  penttiff&wt  i» 
similar. 

Loc,  Sougn?,  pr^s  de  Vendome  (Loir  et  Cher),  Cretaceciua  ;  Kiver- 
Murray  Cliffs. 

5.  MEltBRATTIFORA  SaVARTII,  Aud, 

Membranipora  Uffcretms^  d'Orb.  loo.  cit,  p.  550,  pL  607.  ^^ 
5,  6. 

FlmtreUarirt  fnhul<iiia,  d'Orb.  loc,  cit.  p,  532,  pi.  727.  fig».  9,  10. 

Metnhrmmpont  suhtiUmarffo,  Eeuss,  Bry,  (Est.  Ung,  MIxxl  p.  171* 
(39),  pi.  ix.  fig.  3. 

Membranipora  Lmr&Lvii^  Keuss,  loc.  cit,  p,  40,  pi,  ix.  fig.  8. 

?  Mumbranipora  retiadumi  Reufls,  Foss.  Polyp,  d-  Wifin*  Twt 
p.  98,  pi.  li.  fig,  25. 
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Vaginopora  texturata,  Eeuss,  loc.  cit.  p.  73,  pi.  ix.  fig.  1. 

Mtmhranipora  Savartii,  Busk,  Crag  Polyzoa,  p.  31,  tav.  ii.  fig.  6. 

Biflustra  Savartii,  Manzoni,  Bri.  di  Castrocaro,  p.  38,  pi.  ii. 
figs.  17, 17a  ;  Smitt.  Floridan  Bry.  p.  20,  taT.  iv.  figs.  92-95 ;  Busk, 
Rep.  of  'Challenger'  Polyzoa,  p.  67,  pi.  xiv.  fig.  2. 

Biflustra  cUUcatula,  Busk,  Crag  Polyzoa,  p.  72,  pi.  i.  figs.  2  &  4, 
pi.  ii.  fig.  7 ;  Manzoni,  Bry.  foss.  Ital.  Contr.  II.  p.  4,  pi.  i.  fig.  5  ; 
MacGillivray,  Zool.  of  Vict,  decade  vi.  p.  28,  pi.  57.  fig.  2. 

For  further  synonymy,  see  Smitt's  '  Floridan  Bryozoa,*  to  which 
list  probably  several  fossil  JIdemhraniporce  should  be  added. 

I  have  some  rather  large  pieces  of  bilaminate  Biflustra  delicatula 
from  the  Crag  of  Leiston,  in  which  I  am  unable  to  find  any  denticle 
within  the  lower  margin,  and  Professor  MacGillivray  draws  atten- 
tion to  the  fact  that  it  exists  only  in  two  or  three  of  the  cells  of  the 
Queensdiff  specimen,  and  is  altogether  absent  in  those  from  Queens- 
land. In  the  Italian  Pliocene  fossil  species  I  do  not  find  it,  nor 
does  it  seem  to  occur  in  the  Australian  or  New  Zealand  fossils  that 
I  have  examined  ;  on  the  other  hand,  in  a  recent  specimen,  in  the 
Yincularia-form,  from  Palm  Island,  it  is  seen  in  aU  the  zooecia. 
Smitt  has  called  attention  to  the  inconstancy  of  the  tubercles  in  this 
species  ;  and  in  a  recent  specimen  from  Penang,  some  zooecia  have 
tubercles  while  others  are  without.  The  recent  specimen  from 
Penang  has  the  opesia  about  0-3  miUim.  long  and  0*24  millim. 
wide,  which  is  slightly  smaller  than  in  the  fossil  adnate  upon  a  BeU- 
pora  either  from  Aldinga,  or  the  River-Murray  Cliff.  Biflustra 
regularise  d'Orb.,  from  Boy  an,  is  very  closely  allied,  with  rather 
larger  opesial  openings. 

Loc.  Senonian  of  France,  Miocene  of  Austria.  Crag  and  Pliocene 
of  England,  Italy,  and  Sicily.  Living :  Florida,  29  fathoms ;  Queens- 
diff (Victoria) ;  Port  Curtis  (Queensland) ;  Philippine  Islands,  10 
fathoms ;  Penang,  &c. 

6.  Membbaitipora  eabiciteba,  Hincks ;  Waters,  Quart.  Joum.  Geol. 
Soc.  vol.  xxxviiL  p.  262. 

In  a  specimen  from  the  River-Murray  Cliflfe  there  are  small  open 
spaces  between  the  zooecia. 

7.  MsMBBAinPORA  BHTITCHOTA,  Busk.      (PI.  VII.  fig.  1.) 

Membranipora  rhynchota,  Busk,  Crag  Polyzoa,  p.  33,  pi.  iii. 
fig.  7. 

A  spedmen  from  Aldinga  is  in  the  Eschara-form.  The  zooecia 
have  large  opesial  openings  0*3  millim.  long  and  0*2  millim.  wide. 
Below  the  opesia  there  is  a  large  avicnlarium,  with  its  opening  much 
prolonged,  and  with  the  end  very  narrow  for  the  acute  mandible. 
The  ovicell,  with  a  keel  down  the  centre  and  slightly  depressed  at 
each  side,  is  surmounted  by  an  avicularium. 

There  has  been  much  confusion  with  this  species,  as  by  an  over- 
sight Mr.  Busk  gave  a  description  of  M.  minax  as  M.  rhynchota 
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8.  HKu&Ajn^^  TCTffOMMi,  ifu  nor.    (PL  TIL  fi^,  1«.) 
JUtfaough  Uiis  Jtfieiii6r<my«rtt  eaatm  Ttry  oeftr  tDserenl  sima,  I 

hfive  been  imabte  lo  identi^  It  iriiii  aaj.  TI10  8«Bcia  ue  toy 
lai]^»  ^.^,^  1^^^  <>pn>^  about  0-6  millim.  lon^,  wlienM  in  km 
species  is  it  more  than  0-3-0<4  nuUim.  Above  each  vxetxtm 
there  are  two  avicQlaria  with  oral  openings  directed  outwards. 
The  ovicell  is  small,  shorty  and  but  Utile  raised.  The  special  in 
most  particdlars  eorrespoQds  with  iT.  pnra^  Hiiicks^  but  that  luv 
spines  in  place  of  the  ariculariA. 
Loc.  BiTcr-Murraj  Cli^. 

9.  MEiCBKAzapoBA  (AjcpoiBLEsi&rii)  Fuaasreti^  Bosk. 
Membranipora   Flemim/ii^  Busk^  Oat,  B.  IL  iL  p.  58,  pi.  ImiT. 

%s,  3-5  (only) ;  Hincks/Brit.  Mar.  Poljzoa,  p.  162,  pL  xxL  %  1-^ 
A  specimen  from  Aldinga  is  growing  upon  a  RH^p&ra,  IVw 
baa  been  considerable  confusion  with  the  species,  as  it  was  at  fifft 
made  to  in cl  tide  forms  which  hare  sinee  been  separated,  bat  ^ 
foflsil  is  undoubtedly  Membrampara  Flemin^ii^  as  defined  by  Mr. 
Hincks.  It  baa  the  six  oral  spines*  an  ovicell  similar  to  r^o^t 
specimens,  and  sometimes  two  aricularia  below  the  area,  hot  mof? 
frequently  there  is  only  one,  and  this  often  at  the  end  of  a  long 
tubular  projection.  In  some  cases  this  chimney-like  aTicnlarium  11 
nearly  as  long  as  a  zocBcium.  In  no  recent  specimen  has  the  svica- 
laxium  been  found  as  much  elcTsted,  though  it  is  always  rai^ed^ 

MacGillivray  refers  (Trans,  Hoy.  Soc  Vict.  vol.  iviii.  p.  I2"i  witli 
doubt  to  specimens  **  seemingly  referable  to "  M,  Fltmin^jU^  from 
Port  Phillip  Heads,  Victoria. 

Loc.  Recent ;  European  Seas,  widely  distributed. 

10.  HBKIfRJI.*riPOIlA      (AlfPHlBLESTBint)       CTLXKORLFORIUS,       WstefSf 

(iuart.  Joum.  Geol,  Soc,  voL  xxxvii.  p.  323,  pi.  xvii.  fig.  74,  and 

vol,  xxxviii,  p,  263^  pi,  viii,  fig.  13. 

11.  MEMBEAyiPOBA    (AmPHIDLESTKUM)   PAHVICELL4,  T.-Woods.      (FL 

VII.  fig,  o.) 

Selemtna  jxxrifitella,  T,- Woods,  Trans.  PhiL  Soc.  Adelaide,  Id^t 
p,  1<),  pL  ii.  tig,  10  ;  Waters,  Quart.  Journ»  GeoL  Soc.  voL  Jtxxii* 
p.  441, 

Some  fragments  from  the  River-Murray  Cliffs  are  better  prcscirwi 
than  those  from  Muddy  Creek  and  Bird  Rock ;  and  here  we  see 
therti  was  a  spine,  or  juvjc^'ss,  over  the  elongate  ^'^  uvicular  (?)  oeUi,^ 
and  a  broad  denticle  within  the  lower  margin  of  the  JtcKEciol  cells.  The 
dorsal  surface  is  granulated,  with  a  Ibw  large  pores,  and  is  divided  by 
parallel  lines,  which  apparently  rmliatc  from  the  centre  of  the 
colony ;  croBS-lines,  which  are  very  indistinct^  divide  the  dof?«l 
surface  into  zococial  areas.     The  lateral  rosette-plates  form  a  regular 
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line  along  the  middle  of  the  lateral  walls,  and  correspond  with  those 
of  Biflxuira  delicatula,  Busk,  with  which  perhaps  iMs  species  should 
be  nnited. 

Mr.  Woods's  description  and  figures  are  fi:om  the  fossil  upside 
down. 

12.  MEMBRAinpoaA  (Amphiblestbttm)  MicHAxmiAiTA,  d'Orb. 

CeXUpora  Michaudiana^  d'Orb.  Pal.  Fran§.  p.  404,  pi.  604.  tigs.  7, 
8,  pL  712.  figs.  3,  4. 

Memhrampcra  permunita,  Hincks,  Ann.  &  Mag.  Nat.  Hist.  ser.  6, 
voL  Tii.  p.  151,  pi.  X.  fig.  2 ;  MacGillivray,  Trans.  Roy.  Soc.  Vict. 
voL  xviii.  p.  118. 

Memhranipora  fahata,  MacGillivray,  Trans.  Roy.  Soc.  Vict.  vol. 
ix.  p.  132. 

The  fossil  differs  from  a  recent  specimen  dredged  off  the  coast  of 
Victoria  in  having  the  zocecia  and  also  the  opesia  a  trifle  smaller. 
The  avicularium  of  this  fossil  and  of  the  one  figured  by  d'Orbigny  is  a 
little  smaller  than  that  in  the  recent  specimens,  in  which  it  occurs 
at  the  base  of  an  abortive  zooecium ;  at  least,  this  is  my  interpre- 
tation of  a  very  curious  structure,  but  this  does  not  seem  to  be  Mr, 
Hincks's  view,  and  it  is  well  worth  further  examination.  In  the 
fossils  the  ovicells  are  simply  rounded,  without  a  raised  rib ;  and 
this  is  the  case  in  some  of  the  ovicells  of  my  recent  specimens,  while 
others  have  it. 

Perhaps  the  recent  forms  should  rank  as  M,  Michavdiana^  var. 
permunita,  on  account  of  the  small  zooecia  to  which  the  avicularia 
are  attached. 

Loc.  Fossil :  Cretaceous ;  Le  Mans,  Le  H&vre,  Tourtenay ;  Al- 
'  dinga  (growing  on  Micropordla  elevata).  Living :  off  Curtis  Island, 
Bass's  Straits ;  off  Victoria  (on  Adeona),  Schnapper  Point  (MacG,). 

IB.  MsHBBAiopoBA  (Amphiblestritm;)  TBif oliitk.  Busk,  var.  PSO- 

PINQFA. 

Lepralia  trifolium^  MacG.  Trans.  Roy.  Soc.  Vict.  1868,  p.  9 ; 
Prod,  of  ZooL  of  Vict,  decade  iv.  p.  28,  pi.  xxxvii.  fig.  2. 

The  fossil  from  Aldinga  has  the  zooecial  avicularia  and  globular 
ovicells  described  by  MacGillivray.  The  aperture  (opesia)  is  about 
the  same  size  as  that  of  a  Crag  specimen  of  Memhranipora  trifolivm^ 
Busk,  in  my  possession,  but  it  differs  in  having  a  zooecial  avicu- 
larium (onychocellarium)  and  no  other  avicularia.  The  zooecia,  in 
shape,  are  very  similar  to  those  of  recent  Selenaria  maculata.  Busk. 
In  the  Report  on  the  *  Challenger '  Polyzoa,  Mr.  Busk  figures  as 
Amphiblestrum  umbonatum  (pi.  xv.  fig.  66)  a  species  or  variety 
with  avicularia,  which  is  closely  allied  to  this. 

It  is  strange  that  two  forms  so  closely  allied  as  Memhranipora 
trifoUum,  Busk,  and  Lepralia  trifoUum,  MacGillivray,  should  have 
received  the  same  specific  name  when  placed  under  different  genera. 

The  genus  Amphihlestrum  may  be  a  convenience,  but,  as  at  pre- 
sent defined,   it  cannot  be  looked  upon  as  sharply  separated,  and 
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with  a  large  number  of  spocies  it  would  be  extremely  difficult  to 
say  whether  they  ehould  be  placed  in  Mtmbranipora  or  Atnphi- 
hlestntm.  We  see  iii  A.  ptijtilhitufa.  Busk,  that  it  really  h^ia  a  thick 
border  extending  inwards,  and  not  a  plate,  a-^  in  Mi'mhramp<fra 
Bosselii.  As  the  gontis  Manhrttnipora  is  so  large,  and  coalain* 
such  a  variety  of  formy,  it  h  to  he  hoped  that  other  characters  may 
be  found  to  separate  thia  genus  more  deinitely. 

IjOc.  Living:  Uneenscliif,  WilliamstowQ,  and  Western  Port 
(MaeO.).     Fossil  r  Ahlinga  and  River- Murray  Cliffs, 

14,  MicRapoRi(?)  PATTFLA,  Waters.     (Pi.  VII,  ^g.  4.) 

Micr^fpora  patnJ<i.,  Waters,  Ciuart-  Jo  urn.  Geol,  Soc.  voL  xxxvii. 
p,  326, 

Stefpnioporella  /^rrfwirt, Waters,  Quart,  Journ.  GeoL  Soc,  voL  xxxriiL 
p.  265,  pi.  ix.  tig.  31. 

A  specimen  from  the  Eiver-Murray  Cliffs,  in  the  Lepralia-stage^ 
is  much  better  preserved  than  the  one  from  Curdies  Creek  or  Mt 
(jrambier,  and  has  below  many  zotceia  a  zooaciaJ  (?)  aviculariura, 
surrouuded  b^'  an  almost  circular  border,  within  which  is  the  man- 
dibuhir  urea,  also  surrounded  by  a  j^rannlated  border,  which  is  at 
the  lower  end  narrow,  but  at  the  distal  end  becomes  very  brood. 
The  avicnlarian  opening  is  small  and  slit-like.  Above  the  owl 
aperture  there  is  a  small  ovicellular  opening.  The  ovioell  is  scarcely 
at  all  raised,  and  would  certainly  be  overlooked  if  it  were  not  hr 
this  small  opening;  but  in  some  coses  the  front  wall  ia  broken 
away,  and  then  the  ovicell-chamber  is  dietinctly  seen.  At  each 
side  of  the  ovi cellular  aperture  thero  is  a  depression  or  opening, 

A  similar  supmoral  opening  has  been  figured  in  Mnnhranipom 
g^muipfrkiy  K4?us«,  Escharin£Ua  mitralts^  Gabb  &  Horn,  Reptofita- 
irina  hfttropora,  ii,  il'  H,,  and  Cdlrpora  Mohlt,  Hagenow. 

Loe,  Curdies  Creek,  Mt.  Gambier,  Eiver-Murray  Cliffs. 

15.  MiCEOPORA  PERFORATA,  MacG* 

Mmnhranipora  perfoiyita,  MacGiUivray,  Trans.  Phil.  Inatit,  Tid, 
1859;  Nat.  Hist,  of" Vict,  decade  iii.  p/2t*,  pi.  xxv.  fig.  2. 

When  epeaking  of  rar.  chnmij  Waters  (Quart,  Joum,  Geol.  Soc 
vol  xxxviii.  p.  505),  Ii>ointed  out  that  Momporella  hpida^Kinoki^ 
was  allied  to  3/.  perforata^  MacG.,  but  they  must  be  separated,  cither 
as  varieties  or  species,  on  account  of  the  much  more  fully  developed 
avicularium  of  M.  le^fuJa^  though  the  position  and  direction  of  the 
avicolarium  is  similar.  From  Napier,  New  Zealand,  there  are  tp^ 
cimens  of  J/,  pfrfomt/t  without  avicnlaria,  and  others  in  which  tbt 
smidl  avicnlarium  described  by  MacGillivray  is  pretty  constant.  In 
many  zoo^eia  In  these  Napier  fossils  there  are  several  pon**,  a$  in 
recent  M.  Iqnda,  from  New  Zealand ;  whereas  in  the  Aldinga  fcwli 
it  is  rare  to  find  more  than  the  two  below  the  aperture.  The  zooMttft 
of  the  Australian  fossils  are  very  regular ;  but  thoflc  from  NipMT 
show  great  variation  in  this  respect,  and  therefore  it  is  very  pw^- 
bable   that  SUganopordla  elori^ata,  Hincka,  is  only  a  synonym* 
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Aperture  about  0*1  millim.  wide,  which  is  slightly  smaller  than  that 
of  M,  Upida, 

Loc,  Living:  Queenscliff  &c.,  Australia.  Fossil:  Aldinga,  Mt. 
Gambier  (Australia) ;  Napier,  and  Tanners  Kun  (New  Zealand). 

16.  MoHOPORELLA  CRAS8ATINA,  "Waters. 

MonaporeUa  craasatinaj  Waters,  Quart.  Joum.  Geol.  Soc.  vol. 
xxxviii.  p.  270,  pi.  vii.  fig.  8 ;  ibid.  vol.  xxxix.  p.  435. 

Lepralia  japonica.  Busk,  '  Challenger '  Eeport  on  the  Polyzoa, 
Cheil.  p.  143,  pi.  xvii.  fig.  5. 

Loc.  Living:  Cobie,  Japan  8-10  fathoms  (Busk).  Ifew  Zealand 
(from  Miss  Jelly).  Fossil :  Napier  and  "Waipukerau  (New  Zealand) ; 
Mt.  Gambier,  Waum  Ponds,  Aldinga,  Biver-Murray  Cliffs  (Australia). 

17.  MOWOPORBLLA  SEXANOrLARIS,  Goldf.     (PL  VII.  fig.  2.) 

Eschara  sexangtdaris^  Goldf. ;  Hagenow.  Maast.  Kreide,  p.  81, 
pi.  X.  figs.  3,  4,  5. 

Eschara  Clarhei,  T.-Woods,  Trans.  Eoy.  Soc.  N.  S.  Wales,  1876, 
p.  2,  figs,  iv.-vii. 

^  Eschara  piriformis,  Sturt,  *  Two  Exped.  Interior  S.  Austr.'  1833, 
ii.  p.  253,  pi.  3.  hg,  2. 

VincuJaria  maorica,  Stoliczka,  Bry.  Orak.  p.  153,  pi.  xx.  fig.  8. 

Monoparella  sexangularis.  Waters,  Quart.  Journ.  Geol.  Soc.  vol. 
xxxix.  p.  435. 

Bijlttstra  excavata,  Manzoni,  Bri.  foss.  del  Mioc.  d'Aust.  ed 
Ung.  p.  67  (19),  pi.  xiii.  fig.  14. 

There  are  two  specimens  from  Aldinga,  both  fenestrate.  In  the 
one  the  fenestree  are  about  4  millim.  long,  in  the  other  they  are 
7-8  millim.,  and  in  the  first  there  are  zooecial  avicularia  (onycho- 
cellaria),  of  the  same  shape  as  those  figured  by  Hagenow,  bub  without 
the  great  elongation.  The  avicularian  opening  is  elongate  in  the 
centre  of  the  avicularium.  In  my  former  paper  I  pointed  out  that, 
although  identifying  it  with  Hagenow's  species,  I  had  not  found  any 
avicularia  in  either ;  and  it  is  interesting  to  find  that  this  character 
now  justifies  the  determination.  The  oral  aperture  (0*22  millim.) 
is  rather  smaller  than  in  the  specimens  from  Muddy  Creek  &o. ; 
and  in  the  zooecia  surrounding  the  fenestrse,  there  is  not  any  oral 
opening,  but  an  elongate  sUt,  much  like  the  avicularian  opening. 
Beissel  describes  and  figures  such  border  cells  in  his  Eschara pulchra, 
and  blind  cells  are  found  in  Adeona  and  other  Chilostomata.  There 
is  also  a  non-reticulated  specimen  from  the  Eiver-Murray  Cliflfe,  which 
Prof.  Tate  marked  Eschara  piriformis^  Sturt ;  but  the  E,  piriformis, 
Goldf.,  of  the  Maestricht  beds  has  much  larger  zooecia,  with  very 
large  opesial  opening  (0*6  millim.)  nearly  as  wide  as  the  zooecium. 

Some  are  flat  bilaminate  expansions,  one  is  flattened  and  folia- 
ceoxis,  while  others  are  subcylindrical,  and  this  Yincularia-form  no 
doubt  represents  the  Vincularia  maorica  of  Stoliczka ;  and  now  that 
I  have  seen  these,  I  consider  that  the  fossil  from  Curdies  Creek  might 
be  called  var.  minima  or  var.  tuberculata. 
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toe,  Orakei  Bay,  Kew  Zealand  (in  Yincularia-fonn);  Mnddr 
Creek,  Bird  Eock,  Wanni  Ponds j  Murray  Cliffy,  Aldinga  (reticulated 
and  also  a  compressed  branch). 

18.  SrEOAifOPOEBLTji  MAGNiLABRis,  Busk ;   Waters,  Quart.   Journ, 
Geoh  Boc.  voh  xxxviii.  p,  506. 

From  the  llivcr-^furray  Cliffs  tbere  are  specimeos  in  the  Eschoran 
and  Hemescliarnn  forms* 

In  6'.  inagniluhfis  tho  cells  where  division  is  about  to  take  place 
are  larger  than  the  othera,  bo  that  the  large  characteristic  eeDs  of 
iStegitiwpiii'fJla  are  found  to  be  foDowed  by  two  smaller  ones,  each 
of  which  commences  a  new  row.  The  same  thing  ia  seen  in 
Bifiustra  delicafula  from  the  Crag,  and  in  other  species. 

With  a  cylindrical  mode  of  growth,  sis  in  S.  ntozelanuu^  there  is  no 
frequent  multipKcation  of  the  rows^  and  no  large  cells  are  found* 

Mr.  Busk,  however  {^Challenger*  Report,  p.  76),  points  out  that 
the  operculum  of  B.  neozelaniea  differs  from  that  of  S\  itmffnilahrUf 
which  ie  tho  case,  as  the  former  has  numerous  irregular  bar^  acrott 
the  operculum,  and  four  large  teeth  instead  of  the  numerous  small 
ones  ;  and  therefore  I  agree  with  him  that  they  must  he  separated* 

Loc.  Living :  see  Joe.  cit.  p.  50 i5,  and  Honor nru,  Sandwich  Islands 
(20-40  fathm.)  (Bttsk).  Fossil :  Miocene  ;  Cartel gomberto  ?  Mouille 
Mou^on  (Cant,  Yaud) ;  Curdies  Creek,  Mt.  (lambier,  Baimsdale, 
Batesford,  Biver-Murray  Cliffs  (Australia) :  Waipukemu  and  Petani 
(New  Zealand). 

lij.  SxEOANOPORELLA  RoziEBi,  Aud.,  var.  iNDicA,  Hincks, 

Ste^anupordla  Rozieri,  Hincks,  Ann.  &  Mag*  Nat.  Hist.  ter.  5, 
vol.  vi.  188i>,  p.  379,  pi.  xvi.  figs,  1,  1  a. 

For  other  synonyms  see  Waters,  Quart.  Journ.  Ge<il.  Soc.  vol. 
xxxviii-  p.  505, 

In  the  ejx'cimens  from  the  Biver-Hurray  Cliffs,  the  /.o;u  n  ir  ;  m 
the  Yin cul aria- form,  with  about  eight  scries  of  zooecia  r  i  n  ^  :hr 
axis.  There  is  a  large  opening  replacing  a  Koa^eium,  which  is  appa- 
rently the  aperture  of  a  large  elongate  avicularium ;  but  from  tho 
state  of  prcsenation  I  do  not  feel  sure  about  this  interpretaticoii 
and  possibly  we  have  here  only  a  broken-down  zocedum.  There 
arc  no  other  avicularia. 

Loc.  Living:  India,  Marion  Islands,  Holbom  Islands,  Dantkj 
lalands,  Torres  Straits.  Miocene :  StiUingen.  Baimsdale,  Kiver- 
Murray  Cliffs. 

20.  duBHriJifA  RADiATA,  Moll.  (wo«  d'Orb.), 

For  synonyms  see  Hincks,  Brit.  Mar.  Polyzoa,  p.  185,  and  Watarii 
Quart.  Jonrn.  Geol.  8oc.  voL  xxxviii.  p.  26h. 

The  specimen  from  the  Biver-Murray  Cliffs  has  eight  ridges  on 
each  side,  a  suboral  [lore,  aviculana  with  a  wide  bftse  but  elongttot 
scattered  among  the  zocecia,  ovicell  globose,  about  two  thilds  aa  wid^ 
as  the  zooecia ;  oral  aperture  0'09  mm,  wide. 


I 


Digitized  by  VjOOQ IC 


ALDDTQA  AlH)  THE  XIYBB-mTRRAT  OLIFFB,  SOUTH  AVBTBALIA.       293 

Xoc  living:  European  seas,  Madeira,  Florida,  Bass's  Straits. 
Fossil :  European  Eocene,  Miocene,  Pliocene^  and  Postpliocene,  and 
Mt.  Gambler. 

21.  CRIBBILIZrA  FIG17L1EIS,  Johnst. 

L^raliafigularis,  Johnston,  Brit.  Zooph.  ed.  2,  p.  314,  pi.  Ivi.  fig.  2. 

Crihrtlina  Jigularis^  Hincks,  Brit.  Mar.  Polyxoa,  p.  196,  pi.  xxvi. 
figs.  5-7. 

CrUnHtna  philomda^  Busk,  var.  adnata^  Busk,  *  Challenger '  Re 
port  on  the  Polyzoa,  pt.  xxx.  p.  132,  pi.  xxii.  fig.  7. 

A  specimen  from  the  River-Murray  ClifEs  has  characteristic  zo- 
cedal  avicularia  (onychocellaria),  which  correspond  most  nearly  with 
those  figured  for  (7.  Jlgularis^  var.  Jism^  Hincks  (loe,  cit,  fi^.  8). 
This,  like  var.  <idnata,  has  numerous  costse  (nine  on  each  side) ;  more 
of  the  front  is  covered  with  costse  than  in  Mr.  Hincks's  figures,  but 
not  quite  as  much  as  in  Mr.  Busk's.  Oral  aperture  0*13  mm.,  which 
is  about  the  same  as  in  the  Australian  species. 

Loe.  Living :  British,  French,  and  Mediterranean  seas ;  Capri,  40 
fathoms ;  off  Marion  Islands,  50-75  fath. ;  Heard  Islands,  75  fath. 
Fossil :  River-Murray  Cliffs,  Crag  (BeU). 

22.  Cribbtld^ A  TBRHiNATA,  Watcrs. 

Crihrilina  termhiata.  Waters,  Quart.  Joum.  Geol.  Soo.  vol.  xxxvii. 
p.  326,  pi.  xvii.  fig.  68,  vol.  xxxviii.  p.  507,  pi.  xxii.  fig.  6,  and 
voL  zxxix.  p.  436,  pi.  xii.  fig.  17. 

A  specimen  from  the  River-Murray  ClifBa  has  two  or  three  minute 
aTicularia  above  the  oral  aperture,  and  the  zooecial  avicularia  are 
narrower  than  the  one  figured  from  Muddy  Creek  (I,  c.  vol.  zxxix. 
pL  xiL  fig.  17). 

Loe.  Fossil :  8.W.  Victoria,  Baimsdale,  Muddy  Creek,  and  the 
River-Murray  Cliffe. 

23.  MucBOKELLA  KTCBONATA,  Smitt;  Waters,  Quart.  Joum.  GeoL  Soc. 

voL  xxxvii.  p.  328,  pi.  xvii.  ^.  66,  vol.  xxxviii.  pp.  266  &  507, 
and  vol.  xxxix.  p.  436. 
The  mucro  supports  an  avicularium  directed  forwards.    It  occurs 
in  Eschara-  and  Hemeschara-form. 

24.  MucBOiTBLLA  KiTiDA,  Yerrill, 

Biscopora  nitida,  Verrill,  Amer.  Joum.  Science,  vol.  ix.  p.  415, 
pLviLfig.3(1875). 

MucroneHa  nitida,  Verrill,  Proo.  U.  S.  Nat.  Mus.  p.  195 ;  Waters, 
Quart.  Joum.  Geol.  Soc.  vol.  xxxviii.  p.  507. 

Smittia  nitida,  Hincks,  Ann.  &  Mag.  Nat.  Hist.  s.  5,  vol.  vii. 
p.  159,  pL  ix.  figs.  5,  5  a. 

Lepralia  retictdata,  var.  incequalia^  Waters,  Ann.  &  Mag.  Nat. 
Hist.  ser.  5,  vol.  iii.  p.  41,  pL  ix.  ^g.  3. 

SmitHa  trispinosa,  Johnst.,  var.  ligulata^  Ridley,  Proc.  Zool.  Soc. 
Lond(Mi,  1881,  p.  63,  pi.  vi.fig.  9. 

The  Murray-Cliff  fossil  incrusts  a  CeUepora,  It  shows  oonsider- 
tlde  variation  in  the  size  of  the  avicularia ;  sometimes  they  are  ligu- 
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late ;  on  other  Kooecia  they  expand  considerably  to  wards  tlie  eitremity, 
IrSf^ith  a  form  like  the  present  it  ia  difficult  to  know  whether  it  should 
he  called  Smittia  or  MucroneUa^  and  the  two  genera  are  not  afaarph 
defined. 

MncTondhi  ddicatula^  Busk,Chalh  Rep.  p.  I.16,  is*  no  doubt,  closely 
related  ;  but  the  triangular  mandible  Bhowa  that  the  two  formi  ire 
not  abflolutely  identical.  I  have  a  specimen  dredged  from  the  oo«tt 
of  Yicfcoria  which  has  a  naiTowlijjulate  arieiilariura^but  I  do  not  tMnk 
that  it  ought  to  be  BCparated  from  those  with  a  larger  aviciilarittia, 
as  the  ehape  is  approximately  the  same.  Mr,  Busk  caOs  atteatioo 
to  the  central  denticle  being  in  front  of  the  operculum,  as  if  it  vrcre 
exceptional  ;  but  this  is  the  rule  in  thia  family. 

Loc,  Living:  Vineyard  Sound  aud  Long  Island  iSound  (F.); 
Africa  (//.) ;  Tictoria  Bank,  8.E,  Brazil  (82  fath.) ;  Victoria  (00 
AiffOim) ;  Naples  (  H'.)v  Fossil ;  Crag  (  W.},  BairnsdaJe  and  Kiver- 
Murray  Cliffa.  This  or  a  variety  fossil  from  Waipukerau  and  Napier 
(New  Zealand). 

25.  MucRoirELLA  coccnfEA,  Abildgard,  Tar.  idAMTLLATA,  Busk. 

A  specimen  from  Aldioga  in  crusted  a  Centh'ttm  or  allied  shell 
The  surface  ia  smooth  or  faintly  sulcate,  with  0  single  or  double  row 
of  jiores  round  the  base.  The  uvicell  is  very  small  and  decumbeat 
The  fossil  is  so  badly  preserved  that  it  was  not  readily  recogniicd* 

Loe^  Living:  coast  of  Antrim.     Fossil:  Crag,  Aldinga. 

26.  MuoRosELLA  cocciNEA,  Abildgard,  var.  eimupikata.  Mam. 

Muerondla  coccintn.  Waters,  Quart.  Jouru.  Geol,  80c.  voL  xxXTiii. 
p.  266. 

In  well-preserved  avicularia  it  is  clear  thiit  the  mandible  wai 
spatulatc,  but  the  avieularian  opening  triaugular. 

Loc,  AJdiuga ;  Mt.  Gambier. 

27.  iliCEOpoRELLA  GRI8EA,  Lamx.,  form  Apeona, 

Admna  grhm^  Lamouroux,  Expos.  Meth.  p.  40,  pi.  Ixx.  fig.  5 ; 
Kirchenpaucr,  "Veber  die  Bry.  Gatt.  jic^wma,"  Juurn.  Mus.  Goddlrvj. 
1H79.  p.  9,  pi.  i.  fig.  8,  8«. 

IHctyopora  tjrist'a,  MacGillivray,  Xat.  Hist,  of  Vict,  decade  vil 
p.  23,  pi.  06.  tig.  1,  Irt,  b,  r,  ft. 

IJicttfOjmra  c^lhdinia,  MacGillivray, Trans.  Roy. Soc,  Vict.  I86S;Xftt. 
Hist,  Vict,  decade  v.  p.  37,  pi.  xhii.  fig.  1,  and  decade  vii.  pL  bri 
fig.  1^* 

Adeona  ceUulosa^  Kirchenpauer,  op.  eit.  p,  10, 

MitToporeUa  celluhsft^  form  Adcomtf  Waters,  Quarts  Jottm.  6eoL 
Soc.  vol.  xxxix.  p.  437. 

From  Muddy  Creek  there  is  a  fragment  spreading  out  in  flabiUi* 
form  manner  from  the  ba^^e,  to  which  probably  a  flexible  fttem  ir0 
attached. 

From  the  range  of  zocecial  variability  found  in  specimtoa  xbiMt  I 
have  examined,  and  from  the  published  descriptions,  there  dom  IKj* 
seem  to  be  sufficient  reason  for  separating  J/,  ffn^ta  from  J#.  ctlhtUm, 
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Loc,  living:  various  Australian  localities.  Fossil:  Muddy 
Creek. 

28.  M^cBOPOKBLLA  cosciNOPORA,  Eeuss,  yar.  mucronata,  MacG. 

Lepralia  mucrcnata^  MacGillivray,  Tr.  Roy.  Soc.  Vict.  1868. 

Ekchara  mueronataj  MacG.,  Nat.  Hist.  Vict.  dec.  v.  p.  43,  pi.  xlviii. 
figs.  6,  7. 

Microporella  co«ano/x)ra,  Reu8S,var.  armata,  Waters,  Quart.  Joum. 
Geol.  Soc.  vol.  xxxvii.  p.  331,  pi.  xv.  fig.  25. 

Loe.  living:  Queenscliff  and  Schnapper  Point  (MacG.),  Port- 
Philip  Heads  (A.  W.  W.).  Fossil :  Curdles  Creek,  Muddy  Creek, 
River-Murray  Cliffs. 

29.  Microporella  violacba,  Johnst.,  var.  fissa,  H. 

Microporella  fissa,  Hincks,  Ann.  &  Mag.  Nat.  Hist.  ser.  5,  vol.  vi. 
p.  381,  pi.  xvii.  fig.  4. 

30.  Microporella   symmetrica,  Waters,  Quart.  Journ.  Geol.   Soc. 
vol.  xxxvii.  p.  332,  pi.  xviii.  fig.  83. 

31.  Microporella  ferrea.  Waters,  loc,  dt  p.  330,  pL  xvii.  fig.  72. 

32.  Microporella  pocilllformis,  sp.  nov.     (PL  VII.  fig.  8.) 

Zoarium  dome-shaped,  7  mm.  diameter,  in  growth  resembling 
CuptUaria.  Zooeda  suboval,  convex,  suiiieice  covered  with  large 
pores,  with  a  raised  suboral  pore  just  below  the  oral  aperture. 
Oral  aperture  rounded  at  the  distal  end,  straight  below,  0*24  mm. 
broad.  There  are  two  distal  rosette-plates,  each  of  which  usually 
has  two  openings.  On  the  under  surface  of  the  colony  the  area  of 
each  zooecium  is  distinctly  marked  and  is  convex. 

Loe,  Elver-Murray  Clifis. 

33.  Microporella  magna,  T.-Woods.    (PI.  VII.  ^g.  7.) 

Luntdites  magna^  T.-Woods,  Trans.  Phil.  Soc.  Adelaide,  1880,  p.  7, 
pLi.  fig.  ea-6d. 

Zoarium  large  (25  mm.  diam.),  dome-shaped,  consisting,  in  the 
specimen  examined,  of  one  layer  of  zooecia,  slightly  elevated  along 
eight  lines  radiating  from  the  centre ;  Mr.  Woods  says,  ^^  In  the 
younger  specimens  ....  irregularly  pentagonal;  in  the  older 
specimens  ....  irregularly  lobed  or  sinuated." 

On  each  side  of  these  lines  the  direction  of  the  aviculnria  is 
opposed,  being  directed  diagonally  upwards  to  the  right  on  one  side 
and  diagonally  upwards  to  the  left  on  the  other  side. 

Zooecia  raised,  especially  near  the  aperture,  with  large  pores  over 
th«  surface  and  a  large  suboral  pore  below  the  aperture.  Oral 
aperture  large  (0*23  mm.  wide),  straight  on  the  proximal  edge  with 
the  comers  rounded ;  the  distal  edge  of  the  aperture  forms  half  a 
circle.  The  true  shape  of  the  aperture  is  sometimes  obscured  in 
the  older  cells.  Avicularia  large,  broad ;  aperture  pointed  above, 
rounded  below.     I  have  not  had  the  opportunity  of  examining  the 
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Tinder  surface  of  the  zoarium  ;  but  Mr.  Woada  Bays,  "  Under  mirftce 
£ncly  radiat4?ly  ridged,  with  a  Darrow  elit^likc  pore  at  the  margin/' 
Loc,  Mr.  T.- Woods  gLTes  Aldinga  and  Mt.  Gambier. 

34.  MicEoPOREXLA  (Dipoeula)  MAejJiROSTEis,  MacG. 

Microporella  introvtrsa^ nt^T^^  Quart.  Joum.GeoL  Soc-voLxirriii. 
p.  268,  pi.  ix.  figs.  33,  34. 

Lepra} ia  mafjtmrostris^  IfacGilliyray,  **^ew  or  Little- known 
Poljzoa,"  pt.  2t  Trans.  Roy.  Soc.  of  Victoria,  vol.  lix.  p.  134,  ^p^. 

Specimens  from  the  Hiyer-Murrny  ClifTs  grow  either  in  the  Hem- 
each  ar  an  form  when  the  doreal  Burface  is  coarsely  grannlated  and 
has  large  pores,  or  in  superposed  layers  with  zooccia  of  the  samcsijie 
as  those  from  Mt.  Gambier,  but  in  a  better  state  of  preservation;  md 
here  the  central  pore  is  very  distinct  and  raised,  but  with  a  cleft  in 
the  upper  (distal)  part  of  the  raided  tube  Bnj-roniiding  the  pore. 
This  better-prescnrcd  material  shows  that  I  wasmitsled  in  supposing 
that  the  ayicnlaria  were  directed  inwards ;  I  then  attributed  the 
avicnlaria  to  the  wrong  zooecia. 

Loe.  Fossil  :  Mt.  Gambier ;  Kiver-Mnrray  Gliffia.  Liying :  Port- 
Fhilip  Heads. 

[Since  this  paper  was  read,  Htsft  Jdly  baa  sent  mo  a  recent  Bpecimen 
from  Port-Flulip  Heads  (Australia).  This  is  in  the  Hemeschara- 
form,  but  the  dorsal  surface  was  perhaps  attached  to  a  sponge,  aa  it 
ia  fttndded  with  large  erect  pore^tubee  resembling  those  on  the  dorsal 
surface  ol  ^Sdenarm  macuJata^  mid  besides  these  there  arc  calcareous 
offsets,  which  are  traversed  by  numerous  lubes,  and  ajypear  to  have  a 
aponge-like  structure.  I  hope  to  make  a  further  examination  and 
sections  of  these  interesting  radicles.] 

This  and  the  last  species  are  ver}^  closely  allied  and  should  per- 
haps be  united  under  one  name^  In  both  the  recent  specimen  and 
the  one  from  the  Eiver-Murray  CUfis  the  peristome  ia  more  raiied 
than  in  the  one  1  figured, 

35,  MiCROPORELXA  ZLKVATA,  T,-Wood8»    (PI.  YII,  figs.  6  and  9.) 
Etehara  ehvata.T, -Woods,  Trans,  li.  BocN.S.W.  1876,  p.  2,  %,  10. 
Mieropordlu  ehvatti,  Waters,  Quart.  Jo  urn.  GeoL  Soc.  voL  xxxriL 

p.  330,  pi.  xnl  fip.  63,  64,  pi.  xviii.  fig.  HO. 

When  describing  the  fossil  from  Cur  dies  Creek  I  pointed  out  the 
great  difierence  in  zoi^ecia  from  different  parts  of  the  same  colony, 
and  some  well-preserved  qiecimens  from  the  River-Murray  Clil^ 
ehowing  in  places  the  structure  given  in  fig.  63  {loe,  riV.),  bmve  in 
other  parts  a  much  more  regular  and  elaborate  structure.  The  periato^ 
mial  region  is  raised  and  surrounded  by  a  ridge,  with  small  ftorea 
within  the  area  thus  formed  ;  down  the  middle  of  each  ioamum 
there  is  a  straight  ridge  which  expands  at  the  lower  part  of  ||i# 
£CMBcium«  surrounding  the  median  pore.  On  each  side  of  this  Ium» 
there  are  large  irregular  openings. 

There  are  very  curious  zooectal  avicularia  occurring  only  near  iW 
border  of  the  colony  with  a  nearly  round  aperture  divided  by  a  i 
bar  near  the  lower  edge. 
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Loe.  Onrdies  Greek;  Mt.  Gambier;  Baimsdale;  Muddy  Greek; 
Spring  Greek ;  Biyer-Morray  Gliffs. 

36.    POBOTA  COBOKATA,  EeUSS. 

For  synoDymSy  see  Waters,  Quart.  Joum.  GeoL  Soc.  vol.  xxxviii. 
p.  333,  to  which  add  :— 

EscKara  graeilis,  MacQillivray,  Nat.  Hist,  of  Vict,  decade  v.  p.  40, 
pL  zlviii  fig.  3 ;  Busk,  *  Challenger '  Beport,  ZooL  pt.  xxz.  p.  141, 
pL  xzL  fig.  6. 

Portna  graeUis,  Hincks,  Ann.  &  Mag.  Nat.  Hist.  1881,  p.  60, 
pL  ill.  fig.  5. 

ffasweUia  australiensis.  Busk,  loc,  cit.  p.  172,  pi.  xxiv.  fig.  9. 

Before  describing  Porina  eoronata  from  Gurdies  Greek  (Quart. 
Joum.  GeoL  Soc.  vol.  xxxvii.  p.  333.  I  had  received  from  Mr. 
Haswiell  specimens  of  his  Myriozoum  {Haswdlia)  australiense,  in 
which  the  peristome  is  tubular,  often  entirely  surrounded  by  openings 
which  are  either  simple  pores  or  have  avicularian  covers.  There  is 
great  irregularity  in  these  peristomial  pores  or  avicularia,  so  that 
very  frequently  there  is  only  an  avicularium  below  the  aperture ;  in 
other  parts  in  the  same  colony  there  may  be  two  or  three  at  the 
side ;  in  others  they  regularly  surround  the  aperture.  Sometimes 
the  peristome  is  flattened  on  the  distal  edge.  The  central  pore 
(median  pore)  is  usually  only  a  rounded  aperture ;  at  other  times  in 
the  same  colony  from  Holbom  Island  (collected  by  Mr.  -Haswell)  it 
has  a  tabular  projection ;  to  show  an  extreme  case,  1  figured  from 
Gurdies  Greek  a  very  delicate  specimen  with  very  marked  tubular 
pores ;  and  upon  reexamination,  I  find  that  &om  such  a  specimen  to 
the  large  flat  growth  there  is  no  break  in  the  series,  so  that  1  feel 
quite  convinced  that  the  determinations  then  made  were  correct. 

The  opercula  of  the  specimen  sent  as  M,  austraUense  are  slightly 
smaller  than  those  from  typical  E.  gracilis^  but  the  shape  is  the 
same,  and  so  is  the  attachment  of  the  muscles.  As  the  ridge  for  the 
muscular  attachment  is  characteristic,  and  differs  from  any  other 
with  which  1  am  acquainted,  this  species  may  be  made  a  test  case, 
showing  that  the  modem  classification  is  an  advance  upon  that  which 
laid  the  greatest  stress  on  the  mode  of  growth.  In  both  fossil  and 
recent  specimens  the  pore  is  sometimes  elongate,  sometimes  round. 

The  fossils  from  the  River-Murray  Glifls,  Aldinga,  and  Adelaide 
are  all  either  in  the  form  6,  as  vertebralis  (see  Bry.  from  S.W. 
Victoria,  p.  334),  or  are  a  little  flattened. 

37.  Lepbaija  edax,  Busk. 

CelUpora  edax.  Busk,  Grag  Polyzoa,  p.  59,  pi.  ix.  fig.  6,  pi.  xxii. 
fig.  3. 

Leprdlia  edax,  Hincks,  Brit.  Mar.  Polyzoa,  p.  311,  pi.  xxiv.  fig.  7, 
7a,  8 ;  Smitt,  Floridan  Bryozoa,  pt.  ii.  p.  63,  pi.  xi.  figs.  220-223 ; 
Waters,  Quart.  Joum.  Geol.  Soc.  vol.  xxxviii.  p.  270. 

Cumulipora  angtdata,  Reuss,  Septarienthon,  p.  63,  pi.  viii.  fig.  12. 

Zoarium  dome-shaped,  about  30  millim.  diameter,  composed  of  many 
layers  of  zocecia.     The  under  surface  is  cupulate,  and  the  zooecia 
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here  radiate  in  uniserial  rows  from  the  ceatre,  with  the  greatort 
regularity,  whereas  on  the  upper  sutaoe  nuniorous  oolonies  are  seen 
to  fltart  from  irarious  points  of  the  surface.  The  under  aurfaoe  u 
divided  bj  radiating^  and  bifurcating  sulci,  and  the  part  betweoJ 
these  m  raised,  and  along  the  ridges  there  are  elevations  lookiiig 
lite  points  of  attachment.  In  this  respect  the  dorsal  sarfacc 
resembles  that  of  Selrnaria  muciildta,  Zoceeia  rery  little  raised, 
irregularly  hexagonal,  separatod  by  diatinct  raised  liorders  with  krgB 
pores  round  the  edge  of  the  zooecium ;  small  avicularia  below  tlw 
aporfcuro,  with  the  opening  ronnded  or  slightly  acute,  directed  down- 
wards. Oral  aperture  with  the  proximal  edge  nearly  straight,  the 
distal  e<lge  ronnded,  formed  of  more  than  half  a  circle,  with  tw(» 
contractions  inside  the  aperture  near  the  middle ;  at  widest  part 
about  0']2  mm.  wide.     Ovicell  raised,  globular, 

I  have  already  pointed  out  that  the  aperture  in  recent  8pocicD€M 
is  larger  than  in  that  from  the  Crag,  and  both  the  specimen  from  Mt 
Gambier  and  this  one  from  Murray  Cliff  correspond  in  this  reapect 
with  thoflc  from  Florida.  In  the  Australian  fossila  no  zooBtiil 
avicTilaria  (onychocellaria)  hare  been  found.  Some  ovicells  nha^ 
an  indistinct  area  on  the  front  i  but  this  i«  not  diHtingniahable  oa  all, 
and  the  ovicell  is  more  globular  thau  figured  by  Mr,  Hincka* 

Mr,  Busk*  refers  to  finding  *Hhe  backs  of  the  polyzoan  cell*  maiHy 
disposed  in  parallel  rows,  much  as  they  are  on  the  ooncare  TOrfe» 
of  some  Lunulites,"  and  Smitt  seems  t-o  have  noticed  the  same  thing; 
it  is  therefore  interesting  to  find  it  now  in  a  true  Lumilites-fonn. 

38.  Lepralia  nEPEEssA,  Busk,  var. 

Lepralia  tiepre^a^  Buak,  var. — Waters,  Quart,  Joum.  GeoL  Soc, 
ToL  xxxviii.  p.  509* 

Id  a  specimen  of  this  variety  from  Aldinga  there  are  small,  globulsr, 
raised,  granulated  ovicells, 

3tt.    LBPRAtlA  ROSTRIOEKA-j  Smitt. 

EsdmreUa  rontrigera^  Smitt,  Floridan  Bryo3M)a,  p.  57,  pi  *• 
figs,  203-205. 

A  specimen  from  the  Rirer-Murray  Cliffs  is  growing  in  the 
Lepralia^age.  The  hexagonal  zooecia  are  verj-  little  raised  aod 
the  surface  is  covered  with  large  pores.  The  aperture  is  nearly 
round,  with  two  lateral  contractions  ;  width  044  millim.  ITiere  is 
usually  a  small  avicularium  pointed  upwards  on  one  aide  of  the 
aperture,  but  seldom  on  both  sides. 

Lg€.  Florida,  1^5-43  fathoma. 

40.  LEpaAUA  EflCOABELLAt  Rtimer  (in  Yin oul aria-form)* 

Yineiilaria  eschar dla^  F.  A.  Romer,  **  Die  Polyparien  des  Xord- 

dcntachen  Tert.  Geb."  Paleontographica,  voL  ix,  p,  fit  pi- '-  fig*  ^* 
This  is  evidently  allied  lo  L.  burUmfioniensUy  hut  the  hejcagonal 

zoeecia  are  much  larp;er,  and  the  whole  surface  is  covered  with  large 

pores.     The  oval  oral  aperture  is  larger,  measuring  about  0*3  inilJiin. 

across. 

/r<K:.  Oligoeone  of  I*attdorf  (Romer),  Aldinga. 
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41.  Lbpraija  bitrlingtonibnbis,  Waters,  Qaait.  Journ.  Geol.  Soc. 
vol.  xxxviii.  p.  270,  pi.  vii.  fig.  6. 

42.  Lbpbaua  bubimmersa,  MacG. 

Lepralia  suhimmersa,  MacGillivray,  Nat.  Hist,  of  Victoria,  Zool. 
decade  iv.  p.  23,  pi.  xxxv.  ^g.  5. 

Zoarium  in  Eschara-form  growing  as  solid  lamellate  anastomosing 
fronds.  Zooeoia  subhexagonal,  bounded  by  prominent  slightly 
sinuous  lines;  surface  smooth,  with  large  pores  near  the  border. 
Oral  aperture  round  above,  concave  below,  with  a  small  oral  avicu- 
larium  Just  below  the  aperture,  sometimes  in  the  peristome.  The 
state  of  preservation  does  not  allow  of  satisfactory  examination  of 
the  aperture.  From  one  broken-down  ovieell  it  is  clear  that  it  was 
entirely  immersed. 

Loc.  Living:  Warrnambool.     Fossil:  Aldinga. 

43.  Lbpralia  confintta,  sp.  nov.     (PI.  Vll.  fig.  10.) 

Zoarium  in  Eschara-form,  flat.  Zooecia  indistinct,  surface  with 
a  few  large  pores  amd  small  round  avicularia  scattered  about ;  oral 
aperture  round  above,  slightly  contracted  below,  with  a  tooth  on 
each  side.  The  aperture  (0*  15-0*  16  mm.  wide)  is  surrounded  by  a 
round  band.  The  zocecial  characters  remind  us  of  Myriozoum 
truneatum,  but  the  cells  and  aperture  are  there  larger.  It  is  also 
allied  to  Lepralia  crassa,  Reuss,  and  L,  variana,  Seg.  I  have  some 
flat  bilaminate  fragments  of  a  similar  recent  Lepralia  dredged  by 
Mr.  Brazier  from  Piper  Island  (9  fathoms),  but  the  zooecia  are  much 
smaller,  with  the  aperture  about  0*12  mm.,  and  the  surface  is  dotted 
over  with  numerous  small  round  avicularia.  Possibly  they  should 
be  united,  although  the  more  robust  character  of  the  fossil  makes  a 
considerable  difference  in  the  general  appearance. 

Loc,  Aldinga. 

44.  Smxttia  Tatei,  T.-Woods.     (PI.  VII.  fig.  15.) 

E8(^iara  Tatei,  T.-Woods,  Trans.  Eoy.  Soc.  N.  S.  W.  1876,  p.  3, 
fig.  XV. 

SmiUia  Tatei,  Waters,  Quart.  Journ.  Geol.  Soc.  vol.  xxxvii.  p.  337, 
pi.  xvii.  ^g.  65,  and  vol.  xxxviii.  p.  271,  pi.  vii.  fig.  10,  pi.  viii. 

Smiitia  Perrieri,  Jullien,  Bull,  de  la  Soc.  Zool.  de  France,  p.  19, 
pi.  xvi.  fig.  45. 

There  are  small  flattened  branches  from  the  Murray  GliflEs ;  and 
from  Aldinga  there  is  a  most  interesting  colony  in  which  the  round 
branches  anastomose  and  form  a  reticulate  mass.  The  diameter  of  the 
branches  is  about  3  millim.  In  this  specimen  there  is  a  peristomial 
sinus  instead  of  the  suboral  pore;  but  this  sinus  is  frequently  almost 
dosed  in  above,  and  no  doubt  the  function  is  the  same  in  both 
cases. 

Loe,  Living:  N.W.  of  Spain,  2108  metres  (JuUien),  Fossil: 
Curdies  Creek  Mt.  Gambier,  Bairnsdale,  Waum  Ponds,  River- 
Murray  Cliffs,  Aldinga. 
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45,  Smtttia  Labdsborovii,  JohJist- 
LtiiraliaLandshorovii^  Johnst  Brit  Zooph.  ed.  2,  p.  310,  pL  liT.fig.  9, 
The  tipcrliiro  of  tlie  round  Biiboral  avicularium  is  Tery  smallt 

appearing  as  a  point  or  a  aublunate  opening,     Tlie  sp<:€imeE  is  in 
the  Lepralia-form. 

Lot.  Living  \  British  seas,  Mediterranean,  Florida,  Australia  (H.), 
Greenland.     PosbiI  i  Iliver-Mur? ay  ClLflfe. 

46.  Smittia  reticulata,  MacG. ;  Waters,  Quart,  Journ,  Geol.  Soc« 
vol.  xxxYiii.  p.  272. 

47.  Smittia  sniirATA,  Beuss  ;  Waters,  loc,  cit.  p.  272,  pL  viii,  fig,  17* 

48,  Smtttia  MiLxEAifA,  Busk,  var.  coiSQDATA,  nov. 

Mr,  Busk  described  in  the  Crag  Poljzoa  a  fossil  as  Lqtralia  Ed- 
wardsUma  (p.  44,  pL  v.  fig.  2),  but  this  name  he  aabsequently 
ehanged  to  L.  Mibitaiia  (p.  132).  The  fossils  from  Aldinga  in 
general  appearance  more  resemble  Mticrmielta  varwlom^  but  the 
same  main  characters  are  found  in  both.  In  both  the  Crag  and  the 
Austrdian  fossils  there  is  a  broad  oral  plato  extendi og  nearly  acrcei 
the  aperture,  the  peristome  is  thickened  and  raised,  and  there  is  a 
small  ayicularium  on  one  side,  which  nan  ally  forms  a  pcristomijil 
fiious,  but  sometimes  in  the  Australian  fossiU  it  is  raised  and  forms 
a  mucro.  The  avicularia  are  in  both  in  about  the  same  positioii, 
but  in  the  Aldinga  specimens  they  are  not  at  all  raised*  and  are 
rounded  at  both  ends  with  a  wide  mandibular  opening  directed  in* 
wards.  In  the  variety  the  zocecia  aro  bordered  by  a  thick  nuacd 
line,  and  are  surrounded  by  a  row  of  large  pores. 

Zoc,  The  type  occurs  in  the  Coralline  Crag  {B.)  and  in  my  colleo- 
tion  from  Leiston,  Suffolk,  The  variety  is  representt'd  by  two 
specimens,  one  growing  on  Cellepora  tnthnticnhta^  B.,  and  the  other 
on  Monoporella  sej^anguIai'-iSi  Goldf.,  both  from  Aldinga, 

4U.   SCHIZOPOSEIXA  VTTLOAaiS,  Moll. 

EscJiura  vuhjan$,  Moll,  Seerinde,  p.  61 »  pi.  iii.  fig.  10^  A»B« 

60.    SCHIZOPOBELLA  Smi*L13£,  Johust.  Var,  ALniNOETfSlS. 

Lepralia  mmpkjr^  Johnston,  Brit,  Zooph.  ed.  2^  p.  305,  pi.  Hv,  %.  4* 

SchizoporeUa  simph^\  Hineks,  Brit*  Mar,  Folyioa,  p,  24H,  pL  xicxv. 
figs,  9,  10, 

A  specimen  from  Aldinga  varies  from  the  British  species  in  hating 
no  umbo,  but  we  have  in  many  species  seen  that  the  umbo  is  Bot  t 
constant  character,  and  I  hai'e  therefore  thought  it  advisable  to  con- 
sider it  only  as  a  variety.  There  are  no  avicularia,  and  the  width  ttf 
the  aperture  is  0-13  millira. 

Loc,  Living :  British  and  Irish.    Possil :  Scotch  Gladal  deposits. 

5L    BcHiaOPORELLA  PHT3AATOP0RA,  ROUSS, 

Eschara  plujinut^^om^  Eeufls,  Foss.  Anth.  &  Brj\  v.  Crosaro,  p.  27% 
pi.  xjciiii.  fig.  L 

Sehizopordlu  phijmat^ora^  Waters,  Quart.  Jounu  0«oL  Soc, 
vol.  zxxvii,  p.  338/pl.  xv.  figs.  31,  32,  and  vol  xxxriiL  p.  510. 
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Myrwzoum  honohdense.  Bosk,  '  Challenger '  Beport  of  Polyzoa, 
p.  170,  pi.  XXV.  fig.  2. 

Specimens  from  the  Eiver-Marray  Clififs  occur  as  hollow  cylinders 
of  about  the  same  size  as  those  from  Baimsdale.  The  dorsal  surface 
is  divided  into  oblong  zooecial  areas.  The  rosette-plates  aro  at  the 
base  of  the  zooBcial  wall,  with,  normally,  two  distal  plates. 

Loc.  Fossil :  Bartonian  of  Val  di  Lonte  &  Ferrara  di  Monte  Baldo 
(Italy) ;  Curdies  Creeks ;  Baimsdale  and  Biver-Murray  Cliffis, 
living :  Sandwich  Islands,  20-40  fathoms. 

52.    SCHIZOPORBLLA  STRIATULA,  Smitt. 

QtnuUipora  gtriattda^  Smitt,  Floridan  Bryozoa,  pt.  2,  p.  37.  pi.  xi. 
^g.  207. 

The  surfSace  of  the  specimen  from  the  Eiver-Murray  Cliffs  is 
smoother  than  in  the  Floridan  specimens,  and  the  pores  are  not  so 
distinct ;  but  the  size  is  the  same,  with  the  oral  aperture  also  0*06 
millim.  wide,  and  thero  is  the  same  characteristic  prolongation  of 
the  zocBcia,  with  a  small  round  opening  at  the  end. 

Loc.  Living.    Florida,  68  fathoms. 

53*   SCHIZOPOBELLA  FSNESTBATA,  WatcrS. 

Schizaporella  fenestrata.  Waters,  Quart,  Joum.  GeoL  Soc.  vol. 
xxxviii.  p.  399. 

A  fossil  from  the  Eiver-Murray  Cliffs  has  smaller  zooecia  and  a 
smaller  aperture  (0'13  millim.)  than  the  one  from  Curdies  Creek, 
and  should  perhaps  be  called  var.  minor.  It  has  the  surface 
coarsely  granular  and  covered  with  pores ;  the  aperturo  is  deeply 
sunk,  and  thero  is  frequently  on  one  side  a  little  below  the  aperturo 
an  avicularium  with  a  round  aperturo,  which  in  some  cells  is  re- 
placed by  a  very  large  raised  avicularium  covering  the  whole  cell. 
The  opening  of  this  avicularium  is  triangular,  with  a  tooth  from  the 
cross  bar,  and  is  situated  at  right  angles  to  the  axis  of  the  zoarium. 

Loe.  Curdies  Creek ;  Biver-Murray  CHfb. 

54.  ScmzopoBSLLA  CBciLn,  And. 

Flustra  Cecilii^  And. ;  Savigny,  Egypte,  pi.  viii.  fig.  3,  p.  66. 

55.  SCHIZOPOBBLLA  PB0TBK8A,  sp.  UOV.      (PI.  Til.  fig.  14.) 

In  Lepralia-form  growing  on  Microporella  elevata.  Zocecia  regu- 
larly placed,  hexagonal,  slightly  rounded,  with  a  row  of  large  pores 
round  the  edge,  and  with  subtriangular  avicularium  directed  outwards, 
on  one  or  both  sides  about  halfway  down  the  zooecium.  Aperture 
(0*2  millim.  wide)  rounded  at  the  distal  end,  below  straight  with  a 
distinct  sinus. 

Loc.  Aldinga. 

56.  MAsnooPHOBA  Dittertbei,  Aud. 

Mastigophora  Dutertrei,  Hincks,  Brit.  Mar.  Polyzoa,  p.  279, 
pL  xxxvii.  figs.  1,  2. 

Specimens  from  the  Eiver-Murray  Cliffs  and  Aldinga  are  of  about 
the  same  size  as  these  figured  by  Mr.  Hincks,  but  the  ovicells  are 
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rather  larger,  and  these  are  sometimes  pressed  m  oq  tho  front, 
giving  the  appearance  of  a  ronnd  dppresi*ion  :  hut  perfect  specimenB 
seem  to  be  globular.  The  surface  is  proooth  and  the  peristome  ia 
hilt  little  raised.  The  oval  ajierture  is  about  0-12  miEiin.  with  m 
marginal  spinejs.  I  feel  Bome  doubt  about  this  determination,  ** 
the  nature  of  the  api>eiidages  is  not  distinguishable,  and  eeruiuljf 
many  cells  had  neither  vibracula  nor  avicalaria. 
Loe.  KiTor-Murray  Ciiffa,  Aldinga. 

57.  Retepoha  maksupiata,  Bmitt ;  Waters,  Quart.  Jonm.  Geol  Soc. 
Tol.  xxxvii.  p.  B42,  pL  xv.  figs.  34-36,  pL  xyi'u  figs.  59,  01,  70, 
77  ;  *vol,  xxxviii.  pp.  275,  51 1  ;  and  toI,  xxxix*  p.  4^39,  pi.  xii* 
figs.  13  &  21. 

An  imperfectly  prcflerved  specimen  from  Aldinga  waa  sent  over bv 
Professor  Tate  lujirked  **  II.  vihmita^  Sturt  r'  but  it  is  impossible  to 
make  epedfic  comparisoTi  with  the  fossils  found  by  8tnrt,  and  tbi* 
does  not  seem  to  be  tlie  M.  vihkaia  of  Goldfusa.  The  ovieell  lits  * 
double  cleft. 

58.  EnTXCHOpoRA  nisPiNosA,  Johnston. 

See  Hincka,  Cat.  Mar.  Polyzoa,  p.  385,  pi.  xl.  figs.  1-5, 
A  sijeeimen  from  Kiver-Murray  Cliffs  has  a  large  aTicularioro 
raise^i  as  a  muero  in  front  of  the  ajierture,  and  frequently  at  the 
baee  of  this  on  one  side  there  is  a  smaller  avicularium. 

fjoc.  Living  :  British  sens  ;  Mazatlan  ;  Adelaide  ;  Victoria  Banlt, 
off  S.E.  Brazil,  ;i3  fathoms  {Ridhij). 

59.  Cellsfora  corokopus,  S,  Wood, 

Celltptmt  jmmieom^  linn,  (nou  Busk),  Syst.  Nat.  12tbed.  p.  128<l 

CeUepora  corotiopti*,  8*  V.  Wood,  Ann,  &  Mag.  Nat.  Hist.  vol.  liii. 
p.  13 ;  Busk,  Crag  Polyzoa,  p.  57,  pL  ix.  figs,  1, 2, 3  ;  Mantoni,  Bnr. 
Foss.  Ttal.  Oont.  4,  p.' 13,  pi,  iii.  figs.  18,  19;  Waters,  Aim/* 
Mag.  Nat.  Hist.  ser.  5.  vol.  iii.  p,  192. 

Ctllqimrt  tidmfera^  Busk,  loc.  cit,  p.  60,  pi.  ix.  fig».  8-10* 

Celltpora  (fambierensim.  Busk,  Quart  Joum,  Geol.  Soc.  vol.  xvi* 
p.  261  (named  only,  no  description);  T*-WoodB,  GeoL  Oba*  in 
8.  Australia,  pp,  74 *&  85  ;  T.- Woods,  Trans.  R,  Soo,  Vict  n,  jx  4, 
pL  i.  %.  3. 

Oell^porarut  ffumhitrensiM^  Stoliezka,  Foss.  Bry*  der  Orakei  Bay, 
p.  141,  pi.  XX.  fig,  7» 

Although  this  species  is  reported  to  be  extremely  common  in 
Australia,  a  badly  preserved  specimen  from  Aldinga,  which  waa  ^cnt 
over  by  Professor  Tate  marked  "  V.  gamhiettenxUt**  is  the  first  thai 
I  have  seen,  and  as  the  descriptions  laid  most  weight  upon  tiie 
colonial  growth,  it  was  impiissible  to  make  any  comparisons. 

It  grows  in  solid  round  branches  about  8  millim,  in  dinrct  i^r, 
jind  anastomoses  regularly.  The  aperture  of  the  3toa?cia  is  rouuiJ, 
about  n-1 3-0-20  millim. ,  with  a  small  a vicul a rinm,  apparently  bckiw 
the  mouth.  No  zofi^ejal  avicukrifl  or  ovieells  have  been  foQod  on 
the  f«pecimen. 
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Stoliczka  (loe.  cit.  p.  142)  suggested  that  probably  the  fossil  was 
C  cororu^ms ;  and  so  far  as  this  specimen  permits  a  judgment.,  I  cer- 
tainly  agree  with  him. 

Loe,  Living:  Coasts  ofBritain  and  France;  Mediterranean.  Fossil: 
Pliocene :  Crag  ;  Pliocene  of  Italy  and  Sicily ;  Mt.  Gambier  (B,)  ; 
Geelong  (Wilkinson)  ;  Orakei  Bay  (New  Zealand) ;  Aldinga. 

60.  Cellbpoba  aticulauis,  Hincks. 

CeUepora  Bedoutei,  And.  in  Sav.  Egypte,  pi.  vii.  fig.  6,  p.  64. 

Cedepora  ramulosa,  form  avieulans,  Smitt,  Oefv.  Kon.  Vet.- 
Akad.  Forh.  1867,  Bihang,  pp.  32  &  194,  pi.  xxviii.  figs.  202-210. 

CeUepora  avicularis,  Hincks,  Q.  J.  Micr.  Soc.  viii.  p.  278  ;  Ann.  & 
Mag.  Nat.  Hist.  ser.  3,  vol.  ix.  p.  304,  pi.  xii.  fig.  6 ;  Brit.  Mar. 
Polyzoa,  p.  406,  pi.  liv.  figs.  4-6 ;  Norman,  B.  Assoc.  Rep.  1868, 
p.  308 ;  Waters,  Ann.  &  Mag.  Nat.  Hist.  ser.  6,  vol.  iii.  p.  193, 
pi.  xiv.  figs.  11,  12. 

A  specimen  from  the  Biver-Murray  Cliffs  apparently  grew  over 
the  stem  of  some  seaweed,  and  rises  into  irregular  nodulations. 
The  zooBcia  are  ovate  with  an  avicularium  at  the  side  by  the  lower 
part  of  the  oral  aperture ;  oral  aperture  suborbicular,  angular  at 
the  proximal  edge,  forming  a  sinus ;  large  spatulate  aviculajia  dis- 
tributed over  the  zoarium.     Ovicell  globose  with  large  punctures. 

The  size  of  the  cells,  apertures,  and  avicularia  is  the  same  as  in 
my  Naples  specimens. 

Loc,  Living:  British  seas;  Arctic  Ocean;  Red  Sea;  Naples; 
10  fathm.     Fossil :  River-Murray  Cliffs. 

61.  CXLLEPOBA  COSTATA,  MscG. 

CeUepora  eostata,  MacG.  Trans.  R.  Soc.  Vict.  1869,  p.  11. 

CeUepora  reiusa,  Manz.,  var.  caminata.  Waters,  Ann.  &  Mag.  Nat. 
Hist  ser.  6,  vol.  iii.  p.  194,  pi.  xiii.  fig.  1. 

A  small  badly  preserved  specimen  from  Adelaide  is  growing  on 
MieroporeUa  ferrea^  W.  This  has  smaller  zooecia  than  a  recent 
specimen  firom  Glenelg,  8.  Australia,  in  which  the  aperture  is  0*13 
millim.,  while  in  the  fossil  it  is  only  01  millim.  In  the  fossil  no 
ovicells  are  preserved,  and  the  avicularia  do  not  rise  above  the 
zooecia,  whereas  in  the  recent  specimen  the  ovicells  are  the  same  as 
those  from  Naples,  and  the  avicularia,  although  they  turn  more  in- 
wards, closely  resemble  those  from  Naples. 

This  I  believe  is  related  to  Lagenipora  spinulosa,  Hincks. 

Loc.  Living:  Wilson  Promontory  and  Queenscliff,Victoria(ifa(jG'.); 
Glenelg,  S.  Australia  (A.  W.  W.  coU.).  Fossil :  Leithakalk  of  Nuss- 
dorf  (Vienna)  (A,  W.  W.  coU,\  Adelaide. 

62.  Cbllbpoba  niviSA,  sp.  nov. 

The  zoarium  is  subglobular,  6-8  millim.  in  diameter.  The  zooecia 
are  small  and  irregular  in  shape,  with  a  small  round  aperture  0*13 
milHm.  wide,  and  inside  this  there  is  a  plate  extending  about  one 
third  across  the  aperture  (fig.  1).     Thefe  is  a  central  "pit"  round 
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which  fche  zooeeia  are  formed,  and  in  this  respect  and  the  shape  and 
size  of  the  zocecia  it  much  resemhles  C.  fossa ,  Has  well ;  Wt  no 
avicularia  are  found  on  the  colony.  I  have  a  small  globular  colony 
(4  millims.  diam/)  from  the  Crag  of  Leiaton,  with  the  oral  apertons 
of  about  th^  same  size,  and  a  aimilar  plate  directed  inwards.    Tlus 

Fig.  1,— ^firoif  o/Cellcpora  divisa,  sp,  n.,  $hawlng  apertnra, 
(Enlarged  25  diam*) 


Crag  fossil  haa  a  roatrum  below  the  aperture  with  a  terminal  aTicQ- 
larium,  and  has  plain  globular  OTicella.     Possibly  this  is  the  anaed 
condition  of  the  present  species, 
L&c.  Mt.  Gambier, 

63,  Cellefora  11A10IJ.AT1,  Busk. 

Cellepora  mamillata,  BuRk,  Cat.  Mar.  Folyzoa^  p,  87,  pL  cix. 
figs.  3,4,  5 ;  Ridley,  Proc,  ZooL  Soc.  1881,  p.  54. 

Celhjmra  ^namilluta^  var.  athntimf  Bu&L,  ChaO,  Rep.  Polyiot, 
p,  199,  pL  xx3tY.  figa.  4,  5,  13. 

In  a  specimen  from  the  River-Murray  Cliflfe  the  zoarium  iucniit- 
ing  a  shell  is  raised  into  large  prominent  mamilJations.  Oral 
aperture  nearly  round,  flattened  below,  about  048  millim.  diamctef* 
Avicularia  projecting  above  the  zooecia,  with  large  triangular  imb- 
dibular  openings  on  the  median  line  on  the  internal  aspect 

The  mamiMation  of  the  zoarium  occurs  in  a  very  large  numbtr 
of  Celhporm  oud  cannot  he  looked  upon  as  a  character  of  specific 
value,  0.  mamiflata  only  differs  from  C  pumica^a^  Busk,  in  tl» 
shape  of  the  aperture. 

Loc,  Living;  Coast  of  Patagonia;  Victoria  Bank»  S^»  Bn&I; 
Crozet  Island,  off  Bahia  ;  New  Zealand  (Hution) ;  Victoria  (if«^.V 
Fossil :  River-Miirray  Chffs. 

64,  Cellepoba  ALBtBosTRis,  Bmitt. 

Dkeopnra  aJbirosiriSy  forma  typica,  Smitt,  Moridan  Bryoxoa,  p.  70, 
pL  xii.  tiga.  234-239. 

Cellepora  alhirostrts^  Busk,  .Tonni.  Linn.  Soc.  voL  xt.  p.  547 » 
*  Challenger  *  Report  on  the  Polyzoa,  p,  193,  pL  xxxiv.  fig*  "♦ 
pL  2IXV,  %.  3. 

A  specimen  from  the  River-Murray  Giffs  is  dome^ahaped,  re- 
sembling LunidiUs.  The  zocccia  are  round,  much  raised,  and 
smooth  ;  below  the  oral  aperture  there  are  small  oral  avicularia  with 
rounded  openings,  but  I  do  not  find  any  vicariona  avicularia  (onj* 
chocelJaria) ;  above  the  aperture  there  are  two  spines ;  aperture 
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loimded  on  the  distal  edge,  becoming  wider  on  the  proximal,  which  is 
slightly  conoave  0*  14-0*  1 7  millim.  wide.  In  the  recent  and  fossil  spe- 
cimens there  are  at  the  two  sides  of  the  aperture  small  teeth,  one  on 
each  side  directed  downwards  towards  the  neural  wall.  The  shape 
of  the  operculum  indicates  the  presence  of  such  teeth,  but  they  have 
been  overlooked.  The  dorsal  surface  much  resembles  that  of  (7. 
liradiata,  W.,  and  this  species,  C7.  dlbirogtris^  C.  pertttsa,  and  C7.  tri- 
denticulata^  are  no  doubt  allied. 

The  specimen  that  I  referred  to  pro  tern,  as  0,  repUta  (Joum. 
Boy.  Micr.  Soc.  vol.  ii.  p.  392,  pL  xv.  figs.  6,  8),  is  C.  cUbirottriSy 
and  grows  round  the  stalks  of  seaweed,  rising  into  ridges  with 
lotiBcia  on  each  face  of  the  ridge.  These  have  no  oral  spines,  fre- 
quently the  rostrum  bifurcates,  and  oyioells  surmounted  with  small 
ayioularia  are  supported  by  the  rostrum.  Smitt  refers  to  the 
Floridan  specimens  sometimes  having  two  spines  and  sometimes 
being  without ;  and  as  this  is  made  a  leading  distinction  between 
C,  aUnrostris  and  C7.  hastigera,  I  should  certainly  feel  inclined  to 
unite  them,  for  in  each  oolony  of  0.  albirostris  there  is  great  varia- 
tion in  the  size  and  form  of  tiie  rostral  process. 

We  see  in  this  species  and  C.  iridenticulata  how  little  importance 
we  should  attach  to  the  mode  of  growth ;  and  among  specimens 
picked  up  at  the  same  time  near  the  Semaphore,  Adelaide,  as  being 
the  same  species,  we  have  found  that  although  they  most  closely 
resembled  one  another  in  general  appearance,  they  represent  iTe^^o- 
pora  crevieomis^  d'Orb.,  Gellepora  alhirostris^  and  C  tridentictdata, 

Loe,  Living  :  Florida,  25-35  fathm. ;  Sydney  (Sm.) ;  Heard 
Islands,  75  fathm.  (B.);  Semaphore,  Adelaide  (-4.  W.  TT.  coll.). 
Fossil :  Mver-Murray  CMb. 

65.  Crllbpoiu  pbbtusa,  Smitt 

Diseopora  perttisa,  Smitt,  Floridan  Bryozoa,  p.  72,  pi.  xii.  figs. 
240,  241. 

A  specimen  from  Aldinga  is  irregularly  subglobular ;  diameter  4 
to  7  millim.  In  the  shape  of  the  zocecia  and  of  the  large  oral  aper- 
tures it  corresponds  with  the  Floridan  specimens ;  but  in  the  fossil 
there  are  no  avicularia,  and  from  Smitfs  figures  the  avicularia  only 
seem  to  occur  on  some  of  the  zocecia.    Oral  aperture  0*28  millim. 

Loc.  Florida,  35-60  fathm. 

66.  CSLLBPORA  PBBTUSA.,  Sm.,  Var.  LIGT7LAIA. 

The  zoarium  consists  of  hollow  cylindrical  branches.  The  zooecia 
tre  ovate,  elongate,  irregular,  with  a  rounded  aperture  nearly 
strai^  below  and  sUghtly  contracted  at  the  sides ;  there  is  a  very 
minute  avicularium  below  or  to  the  side  of  the  aperture,  and  besides 
this  there  are  frequentiy  small  ligulate  or  spatulate  avicularia  on 
the  zocecia,  and  here  and  there  an  elongate  spatulate  vicarious 
avieularium.    The  oral  aperture  is  0*12  millim. 

I  lEeel  much  doubt  about  any  determination  of  this  form,  but  in 
calling  it  a  variety  of  pertusa  the  similarity  in  most  points  is  indi- 
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cated,  but  the  minuteiiesii  of  the  aperture  and  the  avieularia  on  the 
front  of  the  zotecia  dUtinguiah  it, 
Loc^  RiTcr-Mtirxay  Cliffs, 

67*  Cellefoha  biradiata,  sp*  nov.     (PL  VII,  figs,  11,  12,) 

In  a  specimen  from  the  ExTcr-Murray  djiis  the  zoariuin  ia  oonicd* 
raamillatwd,  in  diameter  about  20  miOiiu.,  and  hafl  the  genenl 
appearance  of  a  large  Lumdites.  The  zoarium  h  formed  hj  man? 
ijuperposed  layers  of  itoo&cia.  On  the  dorsal  surface  there  ure 
radiating  lines,  and  when  the  outer  surface  ia  broken  away,  tkt 
walls  of  a  double  row  of  zooscia  are  aeen,  and  each  such  double 
row  ia  separated  from  its  neighbours  by  septa  (iig.  11). 

Zooecia  irregukr,  subglobubr,  raised,  with  the  oral  aperture 
rounded  on  the  distal  edge,  nearly  straight  on  the  proximal,  forming 
more  than  a  aemicircle,  0*1  :if  nuUim,  wide,  Btlow  the  aperture, 
a  little  to  one  iiide,  is  a  small  raiiied  u\  icularium,  with  the  mandibular 
opening  forming  a  neiirly  equilateral  triangle.  In  one  speeimea 
there  aie  twoapatulate  avieularia,  and  sometimes  three  rudiraentury 
teeth  can  be  didtingui^ihed  in  the  oral  aperture  ;  but  this  ia  excep- 
tional* Ovicells  subglobo&e,  broader  than  high,  smooth,  resembhog 
the  ovicelis  of  Cellepont  ramnlosa,  L,,  mta  figured  by  Hineks,  Bnt. 
Mar*  Polyzoa,  pi,  lii.  fig,  B, 

This  and  C  compressa^  ISu«k,  C,  tndttiticidata^  B.,  and  C  fl^t- 
roBtris^  Sm*,  all  aeem  closely  related. 

^%,  Cellt;potia  TRiDE^ricrLATA,  Busk. 

Ctihp&ra  trtdtntictdata^  Busk,  Journ.  Linn.  8oc.  vol.  xv.  p.  347; 
*  Challenger'  Report  on  the  Polyssoa,  p.  198^  pL  xxix.  ^g- ''^^ 
pi-  xxxv.  fig.  17* 

From  the  River-Murray  Cliffs  there  m  a  soMd  dome-shaped  colony 
formed  of  many  layers,  measuring  about  25  millim.  in  diameter,  and 
in  a  colony  from  Aldioga  the  zoarium  commenced  in  a  dome  shape, 
then  spread  out  to  about  10  centim.  in  diameter  and  grew  into  a 
Bolid  mass  1 0  eentim,  high.  The  scocecia  are  irregular,  immerted, 
with  the  oral  aperture  straight  k^nw,  rounded  at  the  di^itJil  end, 
forming  a  little  more  than  half  a  circle,  and  a  little  way  down  the 
aperture  on  the  proximal  edge  there  are  three  narrow  teetli  directad 
forwards.  Below  the  oral  ap<2rtiire  there  is  a  small  rounded  avicu- 
larium,  and  there  was  a  spine  on  each  side  of  the  aperture.  Oral 
aperture  about  0*2  millim.,  from  whieh  it  can  be  seen  that  in  the 
fossil  it  was  larger  than  in  the  specimen  described  by  Mr.  Bask;  hut 
recent  epeciraens  from  the  Semaphore,  Adelaide,  corrt^pond  with  the 
foeriil.  On  the  under  surface  the  elongate  hexagonal  shape  of  each 
cell  is  visible,  and  there  are  projections  for  attachment,  Ool  fli 
several  fo«sil  sprcimens  I  have  only  found  two  with  a  riearioas  aTi- 
cularium  (onychocellarium),  and  in  this  case  it  was  spatnlat?,  a» 
figured  by  Mr.  Busk.  In  recent  specimens  aoraetime*  the  avic^ilariuoi 
is  very  small,  at  others  it  rises  into  a  large  rostral  process*  and  o(K0konn 
ally  there  are  four  teeth  in  the  oral  aperture.  C.  tridinticulixkittiA 
C  howtfuiemtM^  R..  are  very  closely  allied. 
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hoc.  Living:  Off  Cape  York,  lat.  10°  30'  8.,  long.  142°  18'  E., 
Sfathm.  {B.);  Semaphore,  Adelaide  {A.  W.  W.).  Fossil:  Aldinga, 
Biver-Murray  Cliffs  (dome-shaped  and  incrusting) ;  Yorke's  Penin- 
sula (irregular  cone-shaped)  ;  Waipukorau  (New  Zealand). 

69.  Cellepora  fossa,  Haswell,  Waters,  Quart.  Joum.  Geol.  Soc. 

vol.  xxxvii.  p.  343,  pi.  xviii.  fig.  89,  and  vol.  xxxviii.  p.  276. 

From  the  Biver-Murray  Cliffs  there  is  a  specimen  about  25  millim. 
in  diameter,  with  the  one  surface,  which  may  be  called  the  under 
surface,  flat ;  the  other  is  slightly  rounded.  On  the  flat  surface 
there  are  about  forty  well-marked  pits  and  a  few  smaller  ones. 

Fig.  2. — Zooeoium  of  Cellepora  fossa.     (Enlarged  25  diam.) 


Mr.  Haswell,  in  a  **  Note  on  a  curious  instance  of  Symbiosis  *'  (Proc. 
linn.  Soc.  N.  S.  Wales,  vol.  vii.  1882),  refers  to  his  discovery  of 
small  red  Actinids  lodged  in  cylindrical  pits  in  recent  Cellepora,  and 
he  attributes  these  pits  in  O.  fossa  to  a  similar  parasite.  It  is 
therefore,  extremely  interesting  to  frequently  find  similar  pits  in 
fossil  CeUeporce,  Mr.  Busk  refers  to  a  perforation  two  thirds  through 
C,  tuhulosa,  a  fossil  from  Australia,  which,  however,  cannot  be 
identified,  as  the  description  only  takes  cognizance  of  the  mode  of 
growth. 

The  straight  edge  of  the  aperture  is  irregularly  rough,  but  there 
are  no  teeth. 

Loc.  Living :  Holbom  Island.  Fossil :  Curdies  Creek,  Mt.  Gam- 
bier,  River-Murray  Cliffs,  and  Aldinga. 

70.  Cellepora  fossa,  Hasw.,  var.  marsxtpu-ta,  nov. 

Zoarium  subglobular  (6  millim.  diam.),  with  a  central  pit  as  in 
C,  fossa.  In  the  typicd  C,  fossa,  the  avicularium  is  very  large, 
often  nearly  as  large  as  the  oral  aperture  (fig.  2),  so  that  in  badly  pre- 
served specimens  the  appearance  is  of  one  large  round  aperture 
with  a  bar  across.  In  the  present  variety  the  avicularium  is  much 
BmaHer,  with  the  avicularian  chamber  raised,  forming  a  kind  of 
pouch  with  a  semicircular  aperture  (fig.  3).  Surface  granular.  The  oral 
aperture  (0*  1-0*12  millim.)  is  narrower  than  in  (7.  fossa  but  is  pro- 
portionately longer ;  inside  the  aperture  directed  downwards,  towards 
the  interior  of  the  zooBcium,  there  is  a  tooth  on  each  side  of  the 
aperture,  and  sometimes  these  teeth  are  continued  as  a  plate  round 
the  proximal  part  of  the  aperture.      In  a  few  cases  faint  traces  of 
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eBch  teeth  can  be  detected  in  the  typical  0.  fossa,  but  tliis  is  exoep- 
tionid. 

Loc,  Kiver-Murray  diffs. 

P%.  B^^Zooecium  of  Cellepora  fossa,  var*  maraiapiata. 
(Enlarged  25  di am,) 


I 


71,  Lektthopoea  HTftTRn,  MacGm 

Lelythopara  hi/strLv^  MacGLUivray,  "  Deecriptione  of  New  or 
Little-knowD  Polyzoa,"  pt.  lii,  p,  194,  TraiiB.  Eoy.Soc.  Vict.  toI.  xix* 
pL  i.  fig.  0 ;  also  pt.  Tiii.  p.  8,  pi.  ii,  fig,  6  ( advance  copy). 

In  the  growth  and  the  shape  of  the  cella  this  bo  much  reeemhlfli 
various  Cyclostomata  that  until  sections  were  prepared  I  did  not 
recognize  that  it  was  a  Chilostoma  ;  and  even  after  careful  examini- 
tion  the  fossil  reroaine  very  in  comprehensible,  and  further  etndj  of 
recent  specimene  is  much  to  be  desired.  The  state  of  fossilizatiou  U 
not  favourable  for  studying  the  minute  structure.  The  Eocecia,  which 
are  subtubular,  open  only  on  one  aide  of  the  zoarium,  and  are  ercd 
and  often  more  or  less  in  bundles,  giving  the  appearance  of  Ft'ondi- 
pora.  The  small  opening  on  the  side  of  the  aperture  which 
MacGillirray  de^scribes  as  an  aviculanim»  is  only  distinguishable  itt 
a  few  cases.  On  the  front  of  the  zoaiium  there  are  a  number  (rf 
globular  mam  illations,  sonwetimes  with  a  small  opening  in  the  centi«. 
These  much  resemble  the  enlai^gements  on  the  front  of  Ihe  ocJl 
which  Professor  MacGillivray  describes  as  ovicella  ;  but  that 
enlargements  in  the  fossil  are  usually  entire,  with  comparatiTely 
large  pores  on  the  surface.  The  solid  under  surface  of  the  zottrium 
has  a  few  irregularly  scattered  large-sized  pores. 

72.  CtTPCTLABIA  CAKARIENsra,  Busk. 

Cupnhria  caf^irnsh^  Busk^  Q>  J.  Micr,  Soc.  ToL  vii.  p.  fl<^ 
pi.  xxiii.  figs,  G-9  ;  Crag  Polyzoa,  p.  87,  pi.  xiii.  fig.  2 :  Manxoni, 
Fobs.  Ital.  Contrib,  i.  p.  10,"  pi.  ii.  fig.  17;  Bri,  foes,  del  Mioc. 
d*Anst.  ed  Tngh,  p.  24,  pi.  avij.  fig,  56. 

Membranipora  mnarieTisis^  8mitt,  Floridan  Br}'ozoa,  pt*  2*  p.  10, 
pL  ii.  figs.  69-7 L 

Specimens  from  Aldinga  have  larger  zooecia  and  lai^ger  opcdtl 
openings  than  some  recent  speeiroene  from  Prmoesa  Charlotte  Bay. 
In  the  recent  one  the  silicate  fitrncture  of  the  under  anr&oe  ia  vtij 
marked  ;  but  upon  careful  examination  faint  cross-diviaioiift  can  tlio 
be  distinguished,  thus  separating  the  dorsal  surface  into  nxKiil 
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diTisions,  while  in  the  fossil  the  dorsal  sulci  are  not  very  marked^ 
and  there  are  but  few  pores  in  each  quadrangular  division ;  again 
they  are  more  numerous  in  the  Charlotte-Bay  example,  llie  dif- 
ference between  this  and  0.  guineensis  and  O,  stellata  consists  in 
the  lamina  not  extending  up  to  the  distal  border ;  but  this  is  a  vari- 
able character,  and  probably  aU  three  should  be  united  under  one 
name. 

Loc.  Living :  Madeira  and  Canaries ;  Princess-Charlotte  Bay 
(sent  by  Mr.  Brazier) ;  Florida,  common,  10-44  fathm.  (Sm.), 
Fossil :  Miocene — Austria  and  Hungar}-.  Pliocene,  Crag — ffills  of 
Pisa,  Castelarquato,  Asti,  Mt.  Mario,  Bliod6  Island;  Tortonian 
and  Saharian  of  Eeggio  (Calabria)  (Seg.) ;  Aldinga. 

73.  Selekaria  xacxtlaia,  Busk. 

Sdenaria  maculata^  Busk,  Cat.  Mar.  Polyz.  p.  101,  pL  cxvii. ; 
Waters,  Quart.  Joum.  Geol.  Soc.  vol.  xxxix.  p.  440,  pt.  xii.  figs.  7, 
9,  and  12. 

A  specimen  from  the  Biver-Murray  Cliffs  is  about  6  millim.  in 
diameter,  and  is  exactly  similar  to  specimens  from  Muddy  Creek 
and  Bird  Bock.  The  dorsal  surface  is  divided  by  radiating  ridges, 
between  which  there  are  single  or  double  rows  of  large  pores. 
Another  specimen  from  Aldinga  (sent  over  as  LunuUtes  ruteUa)  has 
smaller  zooecia  and  very  few  vibracular  chambers,  and  on  the  dorsal , 
surface  there  are,  instead  of  the  large  pores,  long  erect  tubes,  which 
may  serve  for  attachment. 

Besides  the  species  named  there  is  a  small  cylindrical  fragment 
of  what  I  believe  is  Lepralia  (Onchopora)  immersa, 'KsLSweH  ;  but 
with  fio  small  a  piece,  imperfectly  preserved,  I  cannot  feel  sure  of 
the  determination.  The  collection  also  contains  a  Membranipora 
from  the  River-Murray  Cliffs  which  belongs  to  th^  M.-spinifera 
group,  and  another  witii  oval  opesia  and  a  small  avicularium  above 
the  opening,  which  might  be  M,  levaia,  Hincks.  / 

Upon  reexamining  the  Mt. -Gambler  collection  I  find  that  a 
specimen  which  I  thought  was  Meiepora  rimaid,  W..  is.  JR.  jack- 
sonUnsis,  Busk  ('Challenger'  Report,  p.  125,  pi.  xxvii.  fig.  4). 
These  two  species  are  very  closely  allied,  but  the  avicularia  differ  in 
shape.  A  fiirther  study  as  to  the  range  of  variability  of  22.  jack- 
Moniensis  would  be  of  great  interest. 


EXPLANATION  OF  PLATE  VH. 

Fig.  1.  Membranipora  rhynchota.  Busk.    The  zooecia  on  the  left  bare  ovioellB; 
those  on  the  right  are  without. 

2.  Monoporella  sexangularis,  GK)ldf.    From  specimen  &g,  13. 

3.  MemBranipora  aperta.  Busk. 

4.  Micropora  patuta,  Waters. 

6.  Membranipora  parvicelUit  T.  Woods. 

6.  Microporella  elevata,  T. -Woods ;  showing  marginal  ayicularia. 

7.  Microporella  magna,  T.- Woods. 
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Fig*  8.  MiCTopcreila  pociUiformh^  gp.  hot* 

9.  Micropore Ua  thvofa,  T.-Woods;  drawn  from  tlieaame  mclUmj  uSQ.i 

10.  Lepnuia  c&njiniia^  ep,  nov, 

11.  CeUepora  biradiaia,  up.  i\oy. ;  dorsal  surface. 

12.  Ditto,  nalura]  siie. 

13.  MmtitporeUa  »cxangularis^  Goldf. ;  natuml  sias, 

14.  Schuopordla  protensa,  sp,  no  v. 

15.  Smiitia  Ta/etf  T.-Woodfl  ;  natural  sue* 

16.  Mtmbranipora  ttniporariat  sp.  hot. 


Discussion. 

Mr»  EiHEKiBGE  said  the  author  had  done  valuable  semc6  in  d^- 
ficribing  Polyzoa  from  varioUB  oountrits,  and  this  coiitributioD  would 
doubUeaa  prove  a  valuable  addition  to  our  knowledge. 
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29.  On  the  Ostbacoda  of  the  PtTBBECK  Fobmahok  ;  with  Notes  on 

the  Wealdew  Species.     By  Prof.  T.  Eupebt  Jones,  F.R.S. 

F.G.8.,  &c.    (Read  May  13, 1885.) 

[Plates  VIII.  &  IX.*] 
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§1.  Intboduction. 

Ik  the  '  Geological  Magazine,'  dec.  2,  vol.  v.  (March  and  June  1878), 
pp.  103  &  277, 1  offered  some  observations  on  the  Ostraooda  of  the 
Purbeck  and  Wealden  Formations,  and  endeavoured  to  determine 
the  species  already  described  and  figured  by  Sowerby,  Fitton, 
F.  A.  Bomer,  and  W.  Dunker,  and  by  E.  Forbes,  Lyell,  anc  P.  de 
LorioL  One  of  these  species  was  ftirther  noticed  (as  Cythere'? 
purbeckentis)  in  the  'Proceedings  of  the  Geologists*  Association,' 
voL  viii.  1883,  p.  58,  together  with  an  additiopcd  species  which  I 
had  defined  as  Cy there  holonieneUf  Ibononiensis]  in  the  Bull.  Soc.  Geol. 
France,  ser.  3,  voL  viii.  1882,  p.  616. 

*  These  Plates  have  been  drawn  by  aid  of  a  grant  from  the  Boyal  Society, 
tar  the  illustration  of  Fossil  Entomostraca. 

t  Now  corrected  to  banoniensui,  in  accordance  with  the  Latin  name  of  Bou- 
logne, **  Bononia.** 
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Having  been  enabled^  hy  the  help  of  the  Bev,  O.  Fisher,  Mr.  W, 
Cunnington,  Mr.  Horace  B.  Woodward,  Mr.  J.  C.  jraaBel-Pleydell, 
Prof.  J,  F.  Blake,  and  other  friends,  to  add  considerably  to  ray  own 
collection  of  Purlieck  Entonjostraca,  among  which  are  many  8p&- 
cimens  collected  by  Fitton  and  Brodie,  and  having  been  kindly 
aided  in  my  practical  work  by  Mr.  E.  T.  Newton,  F-G.8.,  and  Mr, 
C.  D,  Sherboro,  I  have  be^nn  to  examifie  and  dotermiae  the  wliole 
eeriea  of  Ostracodous  species  characteristic  of  the  Pnrbeck-WealdcD 
beds.  As  far  as  opportunities  have  offered,  I  have  also  studied  ibe 
specimens  preserved  in  other  collection b  and  musemms. 

§  II.  The  Osteacoda  of  the  PtmBECK  Bedb. 

Sources  of  Inf&rmatioii. 

Professor  Edward  Forbes  commenced  this  work  of  determining 
the  Purbeck  Ostracoda  long  ago*;  but  hia  results  were  not  fully 
recorded,  nor,  indeed,  is  it  now  possible  (as  already  iiitimiit^sd  IS 
the  papers  referred  to  above)  to  recognize  each  of  the  tj^iical  ap©- 
cimens  he  intended  to  be  preserved,  or  all  the  species  thut  \t 
intended  to  determine,  although  a  near  approximation,  on  the 
whole,  has  been  obtained. 

The  cluef  aids  in  tbis  inquirj-  have  been:^l)  The  woodcut 
figures  in  Sir  Charles  LyelPs  *  Manual  of  Elementary  Geology/ 
oth  edit.  1855,  and  in  later  editions,  copied  presumably  from 
diagrams  made  (between  1851  and  1855)  for  Prof.  E.  Forbes*  by  hit 
brother,  James  Forbes,  for  his  lectures  at  the  Museum  of  FractiGil 
Ueology;  (2)  Some  of  these  diagrams  now  remaining  in  thit 
Museum  ;  (3)  Some  hand-specimens  in  the  same  Museum,  with 
names  given  by  E.  Forbes  attached  to  them  ;  (4)  Two  MS.  nota, 
containing  rough  sketches  by  E.  Furbcs,  one  not  folly  dated,  but  pro- 
bably written  on  July  18th,  1851,  and  sent  to  Mr.  Bristow  (with 
wluch  be  has  most  kindly  favoured  me),  and  the  other  to  mjselt 
dated  July  ^^^rd,  1854. 

Sit'  V.  IstfdVg  Woorkttts^  and  the  Diagrams  at  th^  Mutmm  of 
Prtirtkal  Gfolo*jif,—FTom  the  figures  and  accompanying  remark*  ifl 
Lyelfs  *  Manual*  &:c.,  1855,  p,  1*94  &c*,  and  the  next  edition  of 
the  same  work,  with  the  title  of  '  Elements  of  Geology/  6th  editioOf 
1S65,  pp.  378  *i  387,  we  find  that 

1.  **  Cifprisf  gMosa,''  fig,  368,  «, 

2.  *^  -^—  lubercnhtta;'  fig.  368,  6, 

3.  " JeguminflJa"  fig.  mS,  e, 

are  referred  to  the  **  Upper  Ihirbecks ;" 

*  Keport  Brit.  Assoc  for  1850,  TranR.  Sect.  pp.  79^^! ;  and  Edislk  5fr 
PhiL  Juuni.  ToL  ^Ux.  1850,  pp.  311-31d.  Ifu  tmmei  of  the  «pedM  An g^W  JK 
either  o\'  tbcao  publicatfoas. 

t  *'  Cypru**  i»  far  froni  being  tbe  genus  fo  which  nil  Ili<«t  Ostniflodk  iff 
reiiUy  ref«rtble.  The  gejierie  rebtionfhipB  will  be  di»ciissed  liter  cm  in  ihw 
paper*  On  the«e  jjointi  my  friend  Dr.  George  S.  Brady  ba«  ftToaral  mt  wilh 
au»  advice  and  opinion. 
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4.  "  Cypris  Btriat(ypunctata^^*  fig.  371,  a, 
6.  " fatciculata,''  fig.  371,  6, 

6.  " granuUita;'  fig.  371,  c, 

are  referred  to  the  "  Middle  Purbecks  ;*'  and 

7.  "  Cypris  purbeckensisy"  fig.  375,  a, 

8.  " punctata^''  ^g.  376,  6, 

are  referred  to  the  "  Lower  Purbecks." 

All  of  these  species,  except  grantdata*  (fig.  371,  c),  were  referred 
to  "  E.  Forbes  "  by  Lyell ;  presumably,  however,  tuherculata  is  after 
Sowerby,  and  stricUopunctata  was  named  probably  after  Bdmer,  but 
erroneously.  The  woodcuts,  and  the  remaining  few  of  the  diagrams 
firom  which  they  were  probably  reduced,  are  very  unsatisfactory 
illustrations  of  these  Ostracods,  several  essential  features  not  being 
shown  in  the  oblique  and  clumsy  drawings  ;  and  in  some  cases  pro- 
bably waterwom  or  weathered  specimens  have  been  taken  for  types. 
This  is  especially  noted  in  Proc.  Geol.  Assoc.  voL  viii.  1883,  p.  58, 
as  regards  fig.  375,  o,  which  is  comparable  with  only  one  indi- 
vidual on  the  slab  of  Purbeck  limestone,  XbA,  in  the  Museum  of 
Practical  Geology,  probably  examined  by  E.  Forbes,  and  that  is  a 
waterwom  or  weathered  little  "  specimen,  in  which  the  valve  lying 
uppermost  has  been  worn  or  dissolved  away  by  water  so  far  as  to 
leave  the  edge  of  the  underlying  valve  exposed  all  round  it,  and  like 
a  marginal  rim  belonging  to  it.'' 

Of  the  foregoing  list.  No.  1  is  not  readily  recognizable,  and  is  not 
noticed  in  the  MS.  note  of  July  23,  1854  (hereafter  mentioned) ; 
but  it  is  probably  a  variety  of  punctata,  and,  like  that,  most  common 
in  the  upper  part  of  the  series.  To  this  conclusion,  Forbes's  letter 
to  Mr.  Bristow  (July  18,  1851)  and  the  study  of  punctata  and  its 
variations  easily  lead  me,  having  in  view  a  large  series  of  Purbeck 
specimens.  No.  2  is  met  with  rarely  in  the  Middle  and  Upper 
stages  of  the  Purbeck  formation.  No.  3  is  easily  recognized  in  the 
Middle,  and  occurs  also  in  the  Upper  beds. 

No.  4.  The  form  here  intended  is  rare  ;  it  is  better  figured  in  the 
sketch  in  the  letter  to  Mr.  Bristow.  It  is  found  in  the  Middle 
Purbeck.  No.  5  is  very  characteristic  of  the  Middle  Purbeck  (as  is 
also  noted  by  E.  Forbes,  and  known  to  the  Bev.  0.  Fisher  and  Mr. 
W.  Cunnington),  both  by  it»  abundance  there  and  its  absence  from 
the  other  divisions  of  the  series.  No.  6.  This,  if  intended  for  the 
granulosa  of  Sowerby,  is  not  that  species.  Most  probably  it  is  the 
granulosa  of  Bomer  and  Dunker,  which  b  rare  (as  Dunkeri^  see 
p.  339)  in  the  Middle  and  Upper  Purbecks. 

No.  7  is  the  characteristic  Lower- Purbeck  form ;  and,  although 
badly  drawn  in  fig.  375,  a,  it  is  well  known  to  the  Bev.  0.  Fisher 
and  Mr.  W.  Cunnington  by  direct  information  from  E.  Forbes,  and 
is  plainly  indicated  in  his  letter  to  Mr.  Bristow.  No.  8  is  different 
from  any  Lower-Purbeckt  species,  and,  indeed,  is  recognizable  as  an 

*  Befened  to  **  Sowerby."    It  is  not,  however,  the  granulosa  of  Sowerby, 

bat  i«  rather  the  aranuloaa  of  Bomer  and  Bunker,  which  I  now  term  Dunkeri. 

t  Although  thiB  form  oocurs  in  the  so-called  "  Lower  Purbeck  *'  of  Swindon, 

we  moflt  remember  that  the  whole  of  the  series  (Upper,  Middle,  and  Lower) 

is  represented  there.    (See  further  on,  p.  331.) 
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abundant  and  cliaracteriatic  Upper-Purbeck  species  and  tlie  prede- 
cessor of  CypAdta  valdensk  of  the  Wcaldcn  formatioa.  It  is 
racntioned  in  the  Cat.  Foss.  Mus.  Pract.  OcoL  1865,  as  belonging  to 
the  Upper  Parbeck,  probably  by  mietako. 

E.  Forlm's  Letter^  Jnlij  18,  1851.— The  sketches  in  E,  ForbcsV 
letter  to  Mr-  Bristow,  dated  only  "  Friday,  18tli,'*  but,  from  internal 
evidence,  written  in  July  1851,  are  :— 

I,  For  the  Upper  Purheck: — 1.  "  Ojfpris  spinosa  :  n  large  black 
Cifprh  in  some  beds,  with  very  premineiit  spines/'  This  is  probably 
an  exaggerated  form  of  CypMe^i  tuberculata  (Row.),  which  in  aomft 
cases  has  larger  tubercles  than  in  otherB.  2.  **  A  usually  dark  or 
black  Bpscies,  smooth  to  the  eye,  hut  really  punctate :  0.  ffihbcsa, 
perhapa  identical  with  C  vahlenms,^*  This  I  take  to  be  E,  Forbes* 
punctata  and  its  variety  tjihbosa,  8.  "A  very  final  1  fellow,  like 
snail's  dung,  shaped  like  a  pea-pod/*  This  is  called  *'  0.  h^jumiml- 
ftiitleSj^  and  ia  evidently  the  hffiimineUa  of  Lyeirs  list, 

II,  In  the  Middle  Purbeck  : — 1 .  ^'  A  granulated  species  :  scarce : 
C,  granulosa. '^  Not  the  f/rfimdosa  of  Snwerby,  though  evidently 
thought  to  ho  so  here  and  when  given  as  granuhita  in  Lyell  s  list 
(1855)  and  in  the  MS,  note  of  1854.  2.  **  0.  faseitukUa.  A 
faBciculatod  specice,  perhaps  a  varictj^  of  ffranuhm ;  with  two  littla 
bundles  of  tubercles,  one  at  each  end.  This  i&  the  most  charac- 
teriitic  Sriddle-Purheck  species.''  It  is  the  fasaculaUi  of  Lydl'a 
fig.  371,  h;  and  it  ia  essentially  the  same  n&  €{t/pridfa  tfranvhta 
(Sow.).  3.  **An  oblong  species,  with  puiictations  and  stdatiooft 
both ;  C.  striat^jmnHata,  This  is  nire,  and  only  in  the  *  Inter- 
marine  Beds.'  "  Probably  named  after  BiJmer  s  ntrifttojmnctata,  hal 
it  matches  neither  Romeros  nor  Bunker's  figures  and  descriptiotw* 
and  Prof.  Br.  Bunker*  believed  it  to  be  different,  4.  **  I  hit© 
notes  also  of  a  poapod-shaped  Rpecies,  larger  than  that  of  tJid" 
[leffumhielloid^s]*    ^^^  lai^r  peapod*f  onn  ia  probably  my  Ct/priam 

III,  **^  In  the  Lower  Purbeck  the  C)' prides  are  all  smooth  and 
oblongi*,  and  rather  fat :  Ct/pris  purheclrnsig,''*  This  sketch  is  ttw 
from  the  false  margin  referred  to  above  (p*  313). 

E,  ForheJi*s  Letter  to  T,  R,  Jmus.^hx  his  note  of  July  23,  1854, 
Prof.  E.  Forbes  informed  me  whereabouts  the  Purbeck  ^'  Qy^indm  * 
were  to  be  found  (just  about  a»  now)  in  the  Museum  at  Jcrmyn 
Street,  and  enumerated  the  following  names,  as  "given  to  tht' 
principal  onea,^*  together  with  small  rough  sketches  ;^ 
'*  Oijp.  tttffercufata?f 

f^ranulata, 

*  fascicuJatay 

pimciata^ 

^ p n rheckeji^is  (smooth ), 

sirmtopitnvtaia,'' 

•  f&yMt*    (Beeftirtber  on,  p.  3111,  mte.) 

f  By  those  two  festurea  C,  punctata  if^  nhiU  out  from  Uic  Lcm«r  Par1«d^  in 
which  Bristow  (in  Dumon*  '  Geology  of  Weymouth*  Ac,  nnw  cdilioii)  mud 
Lyoll  give  it  by  mistake.  ^  . 
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There  is  no  special  order  kept  in  this  list.  The  false  margin  is 
partly  indicated  for  jpurheckensis,  and  the  name  granulata,  as  in 
Lyell's  list  (fig.  371,  c),  is  prohably  given  by  mistake  for  granulosa 
of  Bomer  and  Danker. 

The  Vertical  Sections  pvMished  by  the  Geological  Survey, — Only 
three  "  Cyprides  "  with  specific  names  (tiiberculata,  legumineUa^  and 
purheckensts)  are  affixed  to  any  particular  bed  in  the  Geological 
Survey's  "Vertical  Sections  "  (Sheet  No.  22)  of  the  Purbeck  strata, 
made  after  Prof.  E.  Forbes  had  finished  his  survey-work.  In  the 
successional  table  of  the  strata  seen  at  Durlston  Bay  there  are  six 
Cypridiferous  beds,  or  groups  of  beds,  indicated  for  the  "  Upper 
Purbeck,"  the  topmost  containing  "(7.  tuherculata  ;'*  for  the  **  Middle 
Purbeck"  twelve  such  beds;  and  for  the  "Lower  Purbeck  "two 
such  special  zones.  Among  the  strata  seen  at  Worbarrow  Bay 
there  are  indicated  one  such  bed  for  the  **  Upper,"  two  for  the 
** Middle,"  and  five  for  the  "Lower  Purbeck;"  at  Mewps  Bay, 
one  for  the  "  Upper,"  three  for  the  "Middle,"  and  three  for  the 
"Lower  Purbeck."  For  the  section  at  Eidgway  Hill,  north  of 
Weymouth,  there  are  two  such  zones  in  the  "  Upper ;"  four  in  the 
"  Middle,"  in  one  of  which  "  C,  leguminella  "  is  named ;  and  six  in 
the  "Lower  Purbeck,"  in  the  uppermost  of  which  "  (7.  purbeckensis  " 
is  mentioned. 

The  persistency  of  several  of  these  Cypridiferous  zones  throughout 
the  Dorsetshire  sections  is  very  noteworthy.  How  far  the  same 
species  of  Ostracoda  hold  their  own  along  these  zones  is  not  yet 
determined ;  but  possibly  the  appended  lists  (though  imperfect)  will 
throw  some  light  on  this  subject. 

Lists  of  Purbeck  Strata  by  H,  W.  Bristow,  J,  H,  Austen^  and 
0.  Fisher. — In  Mr.  Bristow's  Purbeck  list,  in  the  new  edition  of 
Damon's  «  Geology  of  Weymouth '  &c.,  1884,  pp.  202,  207,  &  209,* 
the  species  referred  to  the  three  divisions  of  the  Piurbeck  series  are 
the  same  as  in  Lyell's  'Manual'  above  quoted.  No  "Cyprides" 
are  specially  mentioned  in  the  Bev.  J.  H.  Austen's  Hst*  in  his 
*Chiide  to  the  Geology  of  the  Isle  of  Purbeck'  &c.,  1852;  or  in 
the  Rev.  0.  Fisher's  list  of  the  strata  at  Swanage  Bay,  Trans.  Camb. 
Phil.  Soc.  vol.  ix.  p.  568  &c.,  1855  ;  but  in  his  list  of  the  strata  at 
Kidgway  Hill,  "  Cypris  purbeckensis  "  is  affixed  to  one  of  the  Lower 
Purbeck  beds.  Both  the  Bev.  0.  Fisher  and  Mr.  Cunnington  have 
favoured  me  with  named  specimens  of  (7.  purbeckefnsis  and  C7. 
fa^cicvJ^ata. 

Fitton  and  Sowerby;  and  Dr,  FittoWs  Specimens  in  the  Museum 
of  the  Geological  Society. — Of  the  Cypridee  referred  by  Fitton  in 
1836  to  the  Purbeck  formation,  unfortunately  we  cannot  speak 
with  full  certainty. 

Cypridea  valdensis  (Fitton),  first  and  erroneously  referred  by 
J.  de  C.  Sowerby  to  Cypris  faba^  Desmarest,  was  figured  and 
described  by  him  (1824)  in  the  •  Mineral  Conchology,'  pp.  136-138, 

*  In  G.  Wilfon  and  A.  Geilde's  *  Life  of  Edward  Forbes'  (1861)  it  is  sng- 
gefted,  at  p.  477,  note,  that  this  list  was  based  on  information  obtained  from 
the  Ckologioal  Surreyors. 
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pi.  485,  and  the  figure  is  very  cbaractemfcic  of  a  CS/pndea  oommm 
in  the  Weald  Clay,  as  mentioned  by  Sowerby.  This  Bame  species 
was  referred  to,  and  named  Cifpru  vfif<hnsis,  by  Dr.  Fit  ton  in  tbe 
Trans.  OeoL  Soc.  Ber.  2,  vol.  iV.  1836,  pp.  177,  205,  &  22S,  and 
by  Sowerby  at  p,  344 ;  but  unfortunately  another  form  was  con- 
fused with  it  and  figured  (pL  21.  fig.  1)  inst^jad  of  iL  Whether 
this  other  species  was  obtained  from  the  Wealden  or  from  the  Pur- 
heck  beds  is  not  evident  from  the  memoir.  At  pp.  221)  &  200 
C  vahlenms  is  also  referred  to  as  occurriog  in  the  Purbeck  beds; 
but,  in  the  first  place^  I  did  not  meet  with  it,  a  tier  long  and  carefol 
seareh  in  that  formation,  until  hitely,  when  it  turned  «p,  quite  rare, 
in  one  thin  bed  of  the  Middle  Purbeck  at  llidgway ;  and,  secondly, 
band-fipecimoii8*  collected  by  1>t,  Fitton  and  marked  **  6\  faha** 
(which  was  at  that  time  regarded  as  the  same)  really  c^^ntain 
C.  pHrheckemfis^  and  not  V.  vahhtms.  Fitton's  fig,  1  comprises  five 
sketches,  namely  :— (1)  a  piece  of  black  shale  crowded  with  Cyprida ; 
(2)  an  individual  of  the  natural  size  ;  aud  (3)  three  views  of  a  spe- 
cimen quite  different  from  the  real  C  vuM^nsis,  Bebeving  that  I 
found  some  specimens  like  the  fig,  I  above  mentioned  in  the  Weald 
Clay  of  Peasemarsh,  Surrey,  and  iu  the  Iroostoue  of  Shotover,  I 
seiMrated  this  form  as  Cijpiidm  Auskni  in  1878  (Geol.  Mag.  dec.  2, 
vol.  v,  pp,  110,  277). 

Fitfcon's  fig.  2  (pi.  21)  comprises  two  s]3ecie8  under  one  name: — 
6  and  c  are  Cypricha  tubarulatn  (Sowerby,  in  FittonV  memoir),  and 
a  is  i\  Fittoni  (Alantell),  both  from  the  Weald  Clay  (pp.  177,  2l»5, 
228,  &:  345).  Fig.  3  la  Cifpri*h'a  spim^ertt  (Sowerby),  from  the 
Weald  Clay  (p.  345).  Fig.  4,  termed  "  C^pris  yranii/oxa "  by 
Fitton  and  Sowerby  (pp.  177,  2(Jt*,  and  345),  is  an  important 
B|M^cies,  one  of  the  modifieations  of  which  is  the  Vyjn-ldea  fouteicuhta 
(Forbes),  very  common  in  the  Middle- Purbeck  beds.  The  little 
Cypridiferoufl  light^coloured  block  figured  resembk's  a  bit  of  the 
common  sotlb  whitish  Purbt*ck  Hmci^tone,  or  calcareous  shale,  often 
full  of  C,  fasewtdafa  ;  and  the  two  views  of  the  bivalv«J  canipaee 
show  the  surface  to  be,  as  usual,  nearly  bare  of  tuberclea  about  lll6 
middle  region.  The  notch  was  missed  by  tho  artist,  and  the  oiitlai# 
not  quite  aeearntely  given.  This  species  is  quoted,  at  p.  177,  from 
the  *^  ferruginous  sa»d»  Tilgate  Forest  *'  (Manfell'i*  Collection);  but 
of  this  locality  for  it  I  have  no  certaint)-,  and,  indeed,  C,  tnf^frcuta^ 
Wiis  probably  mistaken  for  fjranulofta,  as  was  decidedly  the  cnM 
with  a  Hpecimcn  collected  by  Dr.  Mantell,  and  now  in  the  Britisli 
JIuBeum.  The  localities  given  at  p.  2tiO^ — **  between  DaJLifd*0 
Farm  and  Catherine  Ford  "  and  at  '*  Bashlet,  between  Pentbitnt 
and  Teffbnt'* — ^are  doubtlessly  true  for  this  species. 

The  figures  given  by  iSowcrby  for  Fitton *s  memoir  approach  ^tfj 
closely  C.  fttscietdaltt  (E.  Forbes),  aa  intimated  above;  and,  indeed, 
Forbes  (in  the  letter  to  Mr.  Bristow)  n^fers  his  fasckataUi  with 
some  doubt  to  V.  grttmthsa  (meaning,  no  doubt,  Sowerby**  ppcciei- 
though  the  sketeh  does  not  agree  with  it)  as  a  variety  of  \}ut 
species,  Forbos'a  fasciculaUt  docs  not  occur  in  tho  Wc^ildon  bed« ; 
*  Such  OM  tho«e  referred  to  nt  pp.  259,  260,  of  Fiiton  i  memoir. 
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but  a  form  resembling  our  figs.  10  and  17,  PL  IX,  is  figured  by 
Bomer  (badly)  and  by  Bunker  from  the  Wealden  of  Obemkirohen 
and  the  Purbeck  limestone  of  the  Deister,  as  C.  granulosa^  Sow. ; 
and  Forbes's  MS.  sketch  of  granulosa  (in  Mr.  Bristow's  letter)  also 
approximates  to  fig.  17,  PI.  IX. 

Among  Dr.  Fittou's  collection  deposited  in  the  Museum  of  the 
Geological  Society,  there  are  mounted  specimens  of  the  O.  tubermUUa^ 
fig.  2  (pi.  21),  and  C.  spinigeray  fig.  3,  both  Wealden  species.  There 
are  none  mounted,  however,  of  the  forms  represented  by  his  figs.  1 
&  4 ;  but  specimens  like  fig.  4  occur  freely  in  some  of  the  rock- 
spedmens  preserved  in  that  collection. 

For  the  specific  names  of  the  Cypridse  mentioned  and  figured  in 
Dr.  Fitton's  memoir  (1836)  in  only  one  case  I  refer  to  Fitton  as  the 
authority.  He  especially  states  that  he  gives  the  name  valdensis 
at  p.  177;  but  the  other  species  were  determined  by  J.  de  C. 
Sowerby,  and  to  him  I  refer  as  their  authority,  as,  indeed,  does 
Dr.  Dunker,  though  F.  A.  Eomer  regarded  them  as  Fitton's  species. 

Interesting  notes  on  the  casts  of  *^  Cypris*'  observed  in  the 
Lower-Purbeck  beds,  overlying  the  Portland  Stone  at  Portland,  are 
given  at  pp.  219  &  229  of  Dr.  Fitton's  memoir  "  On  the  Strata 
below  the  Chalk"  &c..  Trans.  Geol.  Soc.  ser.  2,  vol.  iv.  (1836); 
but  their  importance  is  much  lessened  by  the  absence  of  definite 
descriptions  and  figures.  A  species  said  to  be  near  to  C.  apinigeray 
and  one  with  a  "  protuberance  at  the  end  of  the  valves,"  are  indi- 
cated. At  p.  212  "  C.  tuberculata  "  and  "  O.  valdensis  ? ""  are  also 
referred  to  as  occurring  at  Portland,  about  20  feet  above  the 
Portland  Stone*.  The  specific  determinations  of  these  little 
organisms,  however,  were  in  many  cases  inaccurate  in  those  dajrs. 
The  Cypridiferous  beds  in  the  Purbeck  of  Bucks  are  noticed  at 
p.  297 ;  of  Wilts  at  pp.  259  &  260 ;  of  Dorset  at  p.  229. 

Other  Collections. — The  Purbeck  specimens  in  the  Museum  of 
Practical  Geology  and  the  British  Museum  have  also  been  carefully 
examined.  The  results  are  incorporated  with  the  lists  given  in  the 
sequel.  So,  also,  with  specimens  kindly  communicated  by  the  Rev. 
O.  Fisher,  F.G.8,,  and  W.  Cunnington,  Esq.,  F.G.S.,  as  well  as  my 
%  own  large  collection. 

§  IIL  The  Ostracoda  op  Wealden  and  bbputed  Wealden 
Strata. 

Mtton,  Sowerby,  and  Mantell. — ^In  treating  of  the  Purbeck 
Ostracoda  it  is  obviously  necessary  to  have  a  preliminary  notice  of 
the  Wealden  species  so  far  as  they  have  been  described ;  for  some 
of  the  forms  recur  in  this  upper  formation,  and  most  of  the  series 
have  some  mutual  relationships.  Cypridea  valdensis  (Fitton), 
O.  Austeni^  Jones,  O.  tvherculata  (Sow.),  and  O.  spinigera  (Sow.), 
have  been  referred  to  above,  being  noticed  in  Fitton's  memoir. 

In  1844  ('Medals  of  Creation,'  vol.  ii.  p.  545,  lign.  119,  fig.  2) 

*  Probably  No.  389,  further  on,  at  p.  325,  is  such  a  specimen,  definitely  cha- 
racterized by  C.  bammiensiSf  C.  atuataf  and  C.  purbeekensis. 
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Br,  G.  A.  "Mantell  separated,  as  "  Cijprh  Fittom*^  a  charactehfltic 
Wcaldcn  species,  some  of  the  figures  of  "  C,  iuberculatfi "  in  FittonV 
memoir  (1836J. 

Bom^r  and  Bunker, — The  so-called  "  Wealdea  ^  beds  of  North 
Germany  yield  aeireral  interesting  species,  some  of  which  are  foaad 
in  England  also. 

In  1839  Fr.  A,  lUimer  (*  Verflfcein,  norddeiitach,  Oohtliengebirgea ') 
iigured  and  described  (p.  52)  from  the  "^  Wealdcn  "*  beds  of  North 
Germany — 

1.  Cyprk  valderms^  Fitton,  pi.  20.  iig.  20,  a,  6.     Badly  drawn, 

and  with  etrong  beak,  although  the  reference  m  made  to 
fig,  1,  pi.  21,  Trans.  GeoL  Soe.  ser.  2,  vol.  iv. 

2.  — —  obloHtja^  Eomer,  fig.  21.     Figured  differently  by  Dunker 

afterwards. 

3.  striatopmidai'a^    Romer,  fig.  22,  a,  h^        Figured  by 

Bunker  more  diistinctly  afterwards. 

inhere tdata^  Fitton,  fig.  23.     Biflfering,  however,  some- 


what in  shape, 

■  ijramdom^  Fitton,  fig.  24.     Figured  differently  by  DmikeT 


L 


subsequently. 

The  figures  are  poor,  and  the  descriptions  scanty  ;  but  the  forms 
can  mostly  be  recognized  with  the  help  of  Dr.  W.  Bunker's  '  Mono- 
graphie  nordd.  Wealdenbildung/  1840.     Heroin  he  gives^ 

1.  Cffpiris  vakleiiMs^  Sow.,  p.  59,  pi.  13.  fig.  29,  a,  b,     Copifid 

apparently  from  8owerby*s  original  figure. 

2.  —  Ift^wfatu,  Bunker,  p.  50,  pi.  13.  fig.  25. 

3.  —  ohhnga^  Hdmer,  p.  (JO,  pi.  13.  figs.  24  &  2(1,  a,  6.     Figured 

here  with  a  beak. 

4.  strutioputKtifta,  Homer,  p.  GO,  pi.  13.  fig.  32, 

5.  f/ranulosa^  Sew.,  p.  GO,  pL  13.  fig,  31.     Biffering  from 

O*  gramdosa.f  Sow.,  in  Fitt-on-a  memoir,  pL  21.  ^,  4- 

6.  Ud>e)^nhtfn  (?),  Sow.,  p.  m,  pL  13.  Eg.  30,  <t,  b,     Biffering 

from  0,  tuh^rmdHia,  Sow.,  Fittuns  memoir,  pi.  21.  fig*  2. 

7.  rostrata.  Bunker,  p.  01,  pL  13.  fig.  27. 

8.  piniKrformis^  Bunker,  p.  61,  fig.  13.  fig.  28.  f 

These  are  all  figured  as  belonging  to  the  genus  Ct/pridm^  hattng 
the  anbero- ventral  notch  and  beak. 

Of  the  several  OstTacoda  described  by  F.  A.  Romer  (1839)  and 
W,  Bunker  (1840),  from  the  Purbeck- Weal  don  formation  of  North 
Germany  (see  above,  and  Geol.  Mag.  dec.  2,  vol.  v.  1878,  pp,  104- 
106),  Dr.  C.  Strackmann*  refers  (7.  vtddensis,  (7.  ohUmga,  and  C. 
granuhsa  to  the  Purbeck  division.  These  detorminatioiiSf  howevor, 
are  probably  open  to  revision. 

The  late  Dr.  Bunker  regarded  the  Wealden  of  Hanover,  and  that 
of  North  Germany  in  general,  as  the  Ci^uivalent  of  tha  Kngltf* 
Purbeck.     (In  letterf.) 

•  *  IHo  Wealden-Bildungen  dor  tJaigfttond  von  Himnofer,*  i880»  p^  5A. 
f  My  old  friend,  tho  lata  Dr.  W.  Bunker,  of  Hiirburg.  wrote  the  foUovtag 
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Unfortunately  there  is  mnch  difficulty  in  correlating  several  of 
the  above-mentioned  species.  In  the  £rst  place,  Eomer  gives  the 
heaJc  to  one  only,  and  Dunker  figures  all  as  being  beaked  more  or 
less  distinotly ;  secondly,  the  outlines  given  by  the  two  authors  dis- 
agree in  nearly  every  case. 

In  the  British  Museum  are  some  specimens,  from  Obemkirchen 
and  the  Deister ;  and  a  careful  examination  of  them  gives  me  the 
Mowing  species  (associated  with  Estheria  eUipticaf  Dunker) : — 

1.  Cypridea  punctata  (Forbes),  as  figured  in  the  Appendix  of  my 
Monogr.  Foss.  Estherisd,  pi.  5.  figs.  26-30.  I  presume  that 
Bomer's  fig.  20  and  Bunker's  figs.  27  &  28  may  have  been 
drawn  from  variously  modified  (and  partially  imbedded?) 
individuals  of  this  species. 

2. Dunkeri,  n.  sp.  Presumably  Homer's  fig.  24,  and  cer- 
tainly Bunker's  fig.  31,  represent  a  good  species,  which  is 
not  Sowerb/s  "  granulosa^''  and  therefore  has  been  renamed 
in  the  sequel  (p.  339). 

3.  Cyprione  Bristovii,  gen.  et  sp.  nov.,  and  1  These  two  may  pos- 

4.  Darunnula*  leguminella  (Forbes).  /  sibly  have  been  in- 

cluded under  the  "  Cypris  ohlonga  "  of  Eomer  and  Dunker ; 
but  Bomer's  fig.  21  and  description  fall  short  of  the  reality 
of  the  first,  and  do  not  illustrate  the  second ;  and  Dunker's 
fig.  26,  though  nearly  like  the  first  in  outline,  is  markedly 
leaked^  and  therefore  diverges,  either  really  or  by  misadven- 
ture, from  it  and  still  more  from  the  second  form  mentioned, 
which,  however,  is  very  abundant,  and  would  readily  furnish 
material  for  Dunker's  fig.  24 — a  little  Cypridiferous  slab,  of 
natural  size. 

5.  Cypridea  granulosa  {How.^^fasciculata  (Forbes),  also  occurs 

in  these  Hanoverian  shales  at  Miinden  t,  though  not  men- 
tioned or  figured  by  Bomer  and  Dunker.  This,  we  shall 
see,  is  a  true  Purbeckian  species  in  England. 

note,  a  very  short  time  before  his  death,  in  reply  to  some  inquiries  I  had 
made: — 

«  <*The  Cypris  sMatopunctata,  Ed.  Forbes,  is  altogether  different  from  C, 
ttriatopunetata,  Bomer:  see  Dunker's  'Monographie  &a,  where  the  latter  is 
solBcientlj  well  figured.  Unfortunately  I  cannot  send  you  a  specimen,  as  the 
origiiials  were  borrowed  by  me  and  haye  long  ago  been  returned.  Your  new 
species  from  the  English  Furbeok  [judging  from  fibres  supplied]  has  nothing 
in  common  with  the  C.  striatopunctata  of  Komer.  In  my  opinion  the  Wealden 
of  Hanorer,  and  of  North  Germany  in  general,  is  equiyalent  to  the  Purbeck  of 


amunicated  to  me  by  Dr.  Brookmeier,  at  the  request  of  Madame  Dunker, 
March  18,  1885. 

*  The  generic  name  *'  Darwinella*  was  given  by  Brady  and  Bobertson  to  a 
very  interesting  Ostracod  to  which  this  Purheck-Wealden  form  is  distinctly 
related.  The  same  name,  however,  has  been  used  already  for  a  Sponge  by 
Fkitz  HiiUer ;  and  "  Darwinula  "  has  been  suggested  by  a  fnend,  and  approved 
of  by  G.  S.  Brady,  as  a  substitute.    See  further  on,  p.  346. 

t  Perhaps  these  belong  to  the  "  Miinder-Mereel,  described  by  Struckmann 
aa  transitional  between  the  Portland  and  Purbeck  formations.  See  QeoL  Mag. 
dac  2,  ToL  Tiii.  1881,  p.  479. 
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JShotovir  and  NetJierJiM  Speclmeng, — In  1878  (Geol.  Mag*  dec*  2, 
voL  V.  pp.  103-109,  pi,  3.  figs.  3-10)  I  doacribed  and  figured  some 
Oatracoda  from  the  Ironstone  of  Shoto%*er  HiU,  jiear  Oxiford.  These 
iududo  both  Wealdeii  and  Purbeck  Hpecies*  Some  of  the  iipedJie 
determinations  require  revit^ion,  Candona  J^hiUipshina  (p.  lOS), 
fig.  8,  seems  to  be  a  good  species  ;  Imt  I  fkiled  in  my  endeavour  to 
fix  the  Cijpridtfr.  figured  as  5,  G,  and  7 ;  for  fij^:*  6  is  in  all  esscntiih 
equivalent  to  the  Purbeck  specic8»  C\  ffntnuJom  (Sow.-,  in  FittaOj 
which  I  now  find  has  the  htak  and  Hoteh)^  being  granulated  at  the 
ends  and  not  in  middle,  and  it  was  badly  gTouped  with  the  spiaoM 
valves  (with  shnq>  tubercles),  figs.  5  and  7  ;  nor  wa^s  the  collcwatioii 
of  fig.  4  (a  eoarsoly  tube rcid ate  form)  with  these  correct.  They  art 
aU  called  verrucosa  (pp.  108, 109),  but  the  last  may  well  be  thtjtjpe 
of  the  species,  the  intensity  of  its  warty  ornament  having  caused  it 
to  be  regarded  as  the  stron^est^  or  var.  a'assa  (p.  10b);  whiht  tlw 
spiny  valves  are  not  truly  verrucose  or  wai-ty,  and  the  slightly 
verrucose  fig*  6  must  go  to  C.  fframdom  (Sow.),  siiico  the  latter  is 
found  t43  be  really  a  C^npridm,  I  now  find  specimens  Uke  figs.  5 
and  7  in  the  Woalden  shales  of  Sussex,  and  propose  ta  call  them 
C,  acidemia. 

Fig.  8  and  fig.  1  of  Fitton's  pL21  (which  latter  is  not  ''vaUensU,'' 
though  called  so  by  him  and  Sowerby)  were  treated  by  me,  in  the 
paper  referred  to,  as  Oi/pridfa  AusteHt  (pp.  lOO,  110,  277).  Figs.  ^^ 
and  10  wore  named  by  me  0.  hisphmsa  ;  and  this  seems  to  be  i 
permanent  form,  having  representatives  iu  the  Susaex  Weald.  Fig.  11 
is  an  ouUino  of  the  oommon  C.  vatdensis^  like  that  of  Kent  tiSid 
Sussex. 

Of  the  other  Ostracoda  in  pi.  3,  GeoL  Mag.  1878»fig8. 12^16w«re 
from  the  "  Subwealden  Bo  ring  ''at  Netherfield^  nc?ar  Battle ,  in  Susaci. 
Fig.  l!^  is  probably  a  Dat^inula,  near  to  D,  hgumitulfa  (Forbes): 
figa*  13  1.5  are  Cijpridea  pttnctaki  (Forbes),  not  **  tfaldmsist^  p.  U*': 
and  fig.  16  is  (7,  gratndosa  {B,omeT  and  Dunker),  p.  110,  but,  for 
convenience  of  nomenclature,  now  named  Dufikeri :  all  from  the 
Upper  Purbeck. 

The  Shotover  species  will  therefore  stand  thus  : — 

Fig.  3.  Candoiut  Philhpsiana^  Jones.  * 

4.  Cifpridea  verrucosa,  Jones. 

6,  7-  actdtata^  Jones. 

6.  granulosa  (Sow.),    A  characteristic  Mid-Furb«ck 

species, 

8.  Austrni^  Jones. 

9,  10.  — —  hhjjtnftsa^  Jones. 
11.  vald^n^if  (Fitton). 

Tho§e  from  the  boring  at  Ketherfield  thus  : — 

Fig,  12.   TJarwimda^ 

13^  14,  15.  Cifprkha  2^unctata  (Forbes). 
16.  C?.  Dunkrri,  Jones. 

In  Mr,  Topley's  '  Geology  of  tlie  Weald '  (Oeol.  Surr.  Mem.  1S75) 

Digitized  by  VjOOQ IC 


OF  TflS  PUBBBOK  B0B1CATI0H.  321 

there  are  several  references  to  the  occurrence  of  Cypridse  in  the 
Purbeck  beds  near  Poundsford,  Mountfield,  and  elsewhere  in  Snssez 
(pp.  31,  41,  408,  &c.)  ;  bnt  the  specific  determinations  are  doabtfiiL 
The  specimens  were  noted  on  the  spot  by  Mr.  Etheridge,  bnt  have 
been  since  mislaid. 

Synonyms  of  Ctpbidea  Austbni  *,  Jones^  1878. 

Cypris  valdemis^  Fitton  and  Sow.  (not  Sow.,  Min.  Conch,  tab. 
485),  Trans.  Geol.  Soc.  ser.  2,  vol.  iv.  1836,  p.  177,  pi.  4.  fig.  1. 

Cypris  granulosus  (part),  Mantell  (not  Sow.),  Wonders  of 
Geology,  1838,  vol.  i.  p.  344,  tab.  46.  fig.  7  ;  C  granulosa,  6th  edit. 
1848,  vol.  i.  p.  405,  lign.  98,  fig.  1 ;  7th  edit.  1857,  p.  419,  lign. 
104,  fig.  3 ;  Medals  of  Creation,  1844,  vol.  ii.  p.  645,  lign.  119, 
figs.  1,  1  a;  2nd  edit.  1854,  vol. ii.  p.  527,  lign.  174,  figs.  1,  la. 

Cypris  valcUnsis,  Lyell  (not  Sowerby,  Min.  Conch.),  Elements  of 
Geology,  1838,  p.  348,  fig.  185 ;  2nd  edit.  1841,  vol.  i.  p.  417,  fig.  201 ; 
3ni  edit,  (as  'Mannal  of  Elem.  Geol.'),  1851,  p.  228,  fig.  233; 
4th  edit.  1852,  p.  228,  fig.  233  ;  5th  edit.  1855,  p.  263,  fig.  306. 

Cypridea  Austeni,  Jones,  Geol.  Mag.  dec.  2,  vol.  v.  1878,  pp.  109. 
110,  227,  pi.  3.  ^.  8. 

Dr.  Fitton's  wording  at  p.  177  of  his  memoir  would  necessitate 
the  adoption  of  the  name  '^  vdldensis  "  for  this  form,  to  the  figure  of 
which  (his  fig.  1,  pi.  21)  he  there  refers,  were  it  not  that  he  alludes 
to  Sowerby's  description  of  the  real  valdensis  as  Cypris  faha  (a 
name  by  which  it  was  at  first  known),  and  especially  refers  to  Sow- 
erby's  figure  in  the  *  Min.  Conch.'  tab.  485,  as  well  as  to  the  "profuse 
abundance  "  of  the  species  in  the  Wealden  Beds. 

§  lY.  List  of  SPBOiMBirs  with  well-dbtebmuted  Localitibs  axd 

HOBIZOBS. 

I.  Osiracoda  from  the  Upper-Purheck  Beds, 

DOBSBT. 


§  1.  Durlston  Bay  t. 

08.  of  the  speci- 

cnBin  T.B.J/8  L 

CoUeotion. 

117  jMXM  i  "  ^^^  Pererel  Point,**  I  SwaDage  (punctata  and 

11/  «»».  1^  „  ^  ^^  Flagstaff ;  below  other  marl "  .  1  var.  posticalis. 


Kos.  of  the  speci- 

mena  in  T.  B.  J/s  Locality.  Collector  or  Museum.        Spedea  (. 

CoUeotion. 


*  Named  after  my  friend  the  late  Mr.  E.  A.  C.  Godwin- Austen,  of  Shalf ord,  in 
whose  company  I  found  the  specimen  at  Feasemarsh,  and  who  directed  me  to 
the  ahfJe-beap  of  Upper-Weald  Clay,  thrown  out  in  digging  a  reaenroir  at  the 
hrewery  there. 

t  A  general  account  of  the  Furbecks  of  Durlston  Bay  is  given  by  Mr.  Hudle- 
aton  mnd  others  in  the  Proo.  Qeol.  Assoc.  toI.  Tii.  pp.  377  and  386-390. 

♦  The  generic  names  are  omitted  for  convenience. 

I  See  also  Gatal.  Bock-spedmens  Mus.  Fract.  Oeol.  1862,  pp.  143,  144, 
**  compact  freshwater  limestone  in  thin  bands,  in  Upper  Cypris-shalea  of  the 
XJpper-Purbeck  Beds."  Note  ahio  that  "C.  punctata  *'  is  quotea  from  the  Marble- 
mg  beds,  Upper  Furbeck.  at  p.  143. 
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Uoi.  of  the  spwi- 
meita  in  T.  R.  J. 'a 

Collection, 
34  it  48 
'Ma. 


list  of  Specimena  4c  (confinwfrf). 


Locality. 


Ooltector  or  Muieiim.         Speoie*. 
'  Durlston  Baj.  J.  Mornt,"  April  1,  18S3. 

'  Durleatotjcs/'     Collected  by  Pmf.  E.  Benevicr  when  )  . 

ho  was  in  England  in  1 854-5,  / 1^***^'^^ 

^  ^  I  Pei^erel  Point  J.  0.  Maiwel-Plejdell,  F,G.S*    jmmctaU, 

34  D,     '*  Durle8l«ne.     Brodie,  Jim/'  British  Mtiaeii in.    punctata 

405.     Dmrkton  Bay,    •*  Between  Biiratoiie  and  Mttrbb-bcdB,''  \ 

Impure  laminoted  li  meat  one  ^  couipoeed  <>r  61  imncfata    punot§i§^ 
and  broken  C^elas,  J.  C.  Maii«el-Plejdell,  1S84.  | 


397  A  &B, 


Durlfiton  Buy.      *'A.  Cypriii-jibale."    Rotten  oaJcareoua 

eh  ale,  coniixwed  cbieflT  of  {'.  pttnct^a  and  a  imall  form. 

J,  C.  Mansel-PleTdeU,  1884- 


punelaia. 
Ihmkm% 


40. 


40 

40 


A&l 

AA.  I 


133. 
367. 


37a 


"Durleit«neBiiy;*.....„... , {shZSl 

Durlalon  Bay.    CypriA-beda.    Rev.  O.   Fisher,   F.O.S, 
British  MuBeum  **  5y2r4;  "^  and  another  specimen, 
**  W,  R,  BrodiP,  Brit  Muu,'' 


'No.  4  bed  of  Aiwten's  liit/' 


^Cypri»- 


Durlaton. 
Bhnles." 
"  Peveril  Point.     Bed  no.  84  of  Mr.  Bnstow*i  list  _ 
I)anion*s  new  edition  of  the  '  Geology  of  Wvymouth/ 
1884.  p.  20L     Dark-grey  nbalwi,  witli  banduf  ctjb-  Vtwi^fOia. 
talJino  limefitODe.'* 

Horace  B.  Woodward*,  F.G.S.,  1884./ 
"  Durlstono  Bay,  bed  no.  84.    Dark^Kr&&n  shalet." 

n.  B.  W.  1884. , 

DurlfltonBay.     "  CrocodUe  Bed."  \         ^_^^ 

W,R,Bi-c>die.     BriL  Miw.  K'"'***"^ 


fftnirom* 


§  2.  MewpB  Bay. 
27.     '*  Meupa  BAy ' 
''MupesBay.' 


pmmetofu, 
**  Cyims-ahales."  ..„.. ...„„.„  \  Mmmlaia, 

Thin  Cypridiferou*  limestone.  ^^^    ^ 

Mitflpum  Prai?tical  Geology.  Xb|.  ^^^^^f^ 

Named  '*  Cf/pHSm  tnhcrndafa  "  and  **  valdmms  m  the  If^  ?Z?^*^ 

Catal.  Foas.  M.  T*  /^  *'  1  ^i^r,  ^,  .^vt  Dunktrt, 


P.  q: 


1805,  p.  2i>4. 
377.     "  Mewps  Bay,  Upper  CvpriB'shalt^s."   Thin,  lilue*beart«d ' 
Umestone,  computed  of  Cyprid*  J. 

Home*  B-  Woodward,  July  1884. 
378*     "  Mewpt    Bay.      Linicsloni?  banda  in   Upper  Cvpri*-  fvmtwtaia^ 

shales."  D.  B.  W.  July 'I684.  l%KiiBlltfiu 


*  Of  all  the  spceiiuerts  prewmted  to  me  by  Mr.  Honi«eB.  Woodwani,  tbarv 
good  representatives  in  the  Alutvcum  of  Pratticai  Geology.      * 

t  "  Mewpe  Bay  '*  in  CataL  Roc k-*»pcri mens  Mu*.  Pra**,  Geol.  18<K>,  p.  144, 
t  So  abxindant  are  tlie  Cypridic  m  the  Purbi^k  formation  t)m»  many  linfca  i 
wholly  composed  of  tbe«©  Microzoa^  Some  auoh  bods  fkimijih  good  fauildii^'ilQ 
The  Rcr.  O.  Fiaher  infurms  me  that  the  spire  of  AU-SaitiU"  Cbur<5i  in  Bjiiliigin  1 
built  of  the  **  Cypris-fpt  cstxjne,"  **No.  143  **  in  his  list,  of  the  Swanage  atntu  i« 
Tnma.  Cainbridgc  Phil.  3ol-.,  nnd  topped  with  a  coiiiGttI  block  of  tttrnt  tea  llh#  I 
sa  1S4,  con  sitting  of  cockle  nhelhi. 
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Species. 
§3.  BacmHole. 

Bacon  Hole. 

Specimen  Xb|  (OataL  Eons.  M.P.  a.  18^,  p.  254). 
Bacon  Hole.    Tfain  Oypridiferous  limestone. 

BriUsh  Museum. 

§  4.    lUdgway, 

Bidgway.    "With  Paludina.  M.  P.  G.  ||    punctata. 


punctata, 

tuberculata, 

UffumineUa, 


Cypridea  punctata  is  notably  the  most  abundant  species  in  the  Upper- 
Porbeck  Series. 


n.  Ostracoda  from  the  MiddU-Purheck  Beds. 

I. — DOBSET. 

§  1.  Durlston  Bay, 

39  &  118.  Near  Swanage.  Spedmens  chipped  off  a  large  block  of 
Purbeck  Limestone  (bearing  yermiform  markings  and 
two  large  pachjdactjlous  trifld  footmarks),  wbidi  for- 
merly stood  in  the  Hall  of  the  G^logioal  Society's  Vfascictdaia^. 
Apartments  in  Somerset  House,  before  the  removal 
to  Burlington  House.  Another  such  block  is  in  Corfe- 
Castle  Museum.  / 

^'  The  bed  with  trifid  marks  comes  in  the  *  Corbula-beds '  of  the 
Middle  Purbeck  at  Dnrlston  Bay  [nos.  24-29  of  J.  H.  Ansten's 
section,  1862].  It  is  the  'Toad's-eye  Limestone*  marked  *  No.  68' 
in  the  section  published  in  the  new  edition  of  Mr.  Damon's  book, 
1884,  p.  203.  This  'Toad's-eye  limestone'  is  a  variable  bed, 
splitting  np  into  three  or  fonr  layers ;  but  sometimes  these  are  not 
distinct,  and  it  then  simply  has  '  rotten '  veins  of  indurated  marl." — 
H.  B.  Woodward ;  Letter,  26th  October,  1884. 

74.     ''Durlston  Bay.    Top  of  the  Cinder-bed."  t  fasciculata, 

31.     "  Lower  beds  of  Midole  Purbeck.    Cypris-limestone.**...    fasciculata, 
44.    Hard,  blue-hearted,  thin  limestone  or  compact  Cypridi-  (  ventrosa,  and 
ferous  shell-grit    "  Below  the  Beptile  !Bed.  i  -!      yar.  yloboaa, 

J.  Morris.  Nov.  5l,  1873."  [  Bristovii, 
(  Shale.    Pypridiferal  shale,  largely  composed  of  broken  1 
56, 67,        and  perfect  ralTes.    "  Lower  bed  of  Middle  Purbeck.'*  I  punctata, 
5a'       ''Below  Beokles's  bed**  (no.  93  of  Austen's  list,  p.  [Bristovii, 
13,  called  a  "  dirt-bed,**  but  really  a  lake-bottom).        J 
Durlston  Bay.    Thin  cr3r8talline  limestone,  composed  of  1 
Oyprids,  and  showing  them  freely  on  the  weathered  WascicuUxta, 
flaking  of  the  surface.  M.  P.  G.,  Xaf  J 

Durlston  Bay.  MP.G.,  Xb|.    punctata, 

*  This  name  is  used  here  for  convenience,  it  being  well  known  and  indicating  the 
more  pronounced  and  common  modification  of  Cypridea  granulosa  (Sow.). 

t  See  •  OataL  Eock-specimens,  M.  P.  G.*  1862.  p.  142. 

t  There  are  several  reptiliferous  beds ;  if  the  bed  worked  by  Mr.  S.  H.  Becklee  be 
intended,  it  is  no.  93  of  the  BeT.  J.  H.  Au8ten*s  list,  1852,  at  the  base  of  the  Middle 
Purbeeks. 
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List  of  Specimens  &c.  (cmitinu^). 


Looftlity.  Ooliector  or  Museum.       jpoohM 

r  punefaia, 
Burliton  Bay.    Thin  limcfltonw.  M.  R  G»,  Xiif,  |  tJ«i»/««j. 

S88»,    DurUtonBajr.    Very  thin  Cypridlferou*  liraettooe-         |?J&^^^ 

DurlBtOD  Bay.  M.  F.  O,.  Xn  J,    puthct^tia, 

(fiueimUUa. 
DorlatoD  Bay.  IL  P.  G.,  X]t^ 


36a 


406& 

409. 


74. 


"  DurlBton  ;  between  H  and  L"     With  Mdanopsis. 

'•  Durle»ton  Bay.     Bed  no.  48  • ;  » lias  mg/  " 

H.  B.  W..  1884 
*'Darlc9ton  Bay,  fiwunage,  '  Turtle-beds.*  between  Free- 
stone   Quarry    and     Down's    Vein,"    with    Cyrena. 
(AuBten'fl  uoa.  63-67.  abt>ut»} 

J.  0.  Mansel-Pleydell,  1884, 
Durlston  Bay,     "  Fi-oni  tbe  top  of  the  Cinder- BetL" 

Ker,  O,  Fisher,  Janujiry  1883. 

406  &  \  "  DurleBton  Bay,  Swanoge.     Above  Cinder- bed." 
407.  J  J.  a  Manwl-Pleydoll,  1884. 

306.  f  "Burlestoti  Ba?.  Under  Ciiader-be<l."WithOj/rno.(Loww 
399,  part  of  Aufiten'H  no  71  ?)  J.  C.  M  tin  pel -Pley  dull,  1884. 
401, -j  '* Durle&ton  Bay,  Below Ciiukrbetl"*  With  %rtHa and 
402,  I      Melanopsis  ?    (AuAten's  no.  72, ) 

3.  i,  J.  C.  MauBol-PleydcU,  1884. 

"  Button  Bed.     Purbeck  I.  8809,    GrwQough." 

GeoL  Soc. , 
"Tombstone Bed.  Swanwick. 8743-  Oreenough,  lu  clayey'' 
parting."  Geol.  Soc. 

This  13  no.  45  of  Brifitow's  Lift  (in  Daraon),  1884  ;  and 

nos.  69  and  7(^  of  Aueton'e  List,  1852. 
'*  TillTwhim  HilL    Fitton,  929."    Limestone.   GeoL  So«; 


(faseieulaia 


403. 


\/aaewmlaia{nrj 
[pumctatA. 


pauciffntmilttia* 

pauetgranMia, 
line  and  Larf« 
gpecuneaa 


pnncM^t 
fm 


§  2.  Mni}ps  Bay. 

Mewpa  Bay.     With  Valwiifu 

6L    Men'ps  Bay* 


M.P^G.  If.    fmcimlMa. 


And  M,  P.  G.  XmU 


§  3,  Worbarrow  Bay, 

370. 

Cherty  freshwater, 


Worbarrow  Bay.    Marly  limestone.    Tvpm  abundiuiL  1  ^.   ■?.,  #  ..- 

K,  B/W,,  July  1884.  j''^"**''**^ 


§  4.  Eidguatj. 

Bidgway.  M,  P.  G.  X»|, 

38L     •*  Bidgway  Hill.  Coarse  marly  limestone  with  yellow 

staina/"^  H.  B.  Woodward,  July  \m\. 


pctHeialitB 


faxkmiaim. 


^  Mr.  Bri»tow's  list  in  the  new  edition  of  "Dsmtm**  *  Weymouth/  4e« 
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List  of  Specimens  &c.  (continued), 
Vm.  of  the  speci- 
mens in  T.  B.  J.'s 
Collection.  Localitj.  Collector  or  Museum.  Species. 

123  a.    "Eidgway.     Chert   and    its  dirt-bed."     1866.    With^vaUUrmsf. 
Charat  fishbone,  &o.  punctata. 

"  Chert-Bed,  Ridgway.  O.  Fisher."    With  Chora,  and     Farbesii. 
Planorbia  ?  Geol.  See.  J  leffummella, 

n.  WiLT9.—VaU  of  Wardour. 

88446.    Teffont  W.  Cunnington,  F.G.S.,  Sept.  1870.    faacicvlata. 

85*  I  Teffont  Bey.  0.  Fisher,  January  1883.    fasciculaia, 

Teffont       The  Rev.  O.   Fisher,  in  the  ReT.  P.  B. 
Brodie's  paper,  Quart  Joum.  GeoL  See.  toL  x.  p.  476, 

mentions     faaciculata. 

Vale  of  Wardour.    With  Cyrena.  M.  P.  G.  J^.    fasciculata, 

387*.    ••  Dallard,  Wilts.   Fitton."    Limestone,  made  up  of  Oy- 1  ^,^..^ 
prid«.  G^l.  S<i.  |i>«*^^- 

194.    •*  Between  Hand  Cross  and  ChicksffroTe."    See  Fitton's' 
'Memoir  on  the  Strata  below  the  Chalk,'  &c.,  1837, 
pp.  261,  260     Cypridfe,  with  some  casts  of  Cyrena,  >faaciculata. 
making  up  the  rocK.   Casts  of  Cyrenm  full  of  Cypridie. 
The  rock  a  mass  of  Cypridie.  J 

197.    Ladydown.      See  Fitton's  *  Memoir,*  &c.,  pp.  262,  272.    fasdculata, 
"  Lady  Down.     Miss  Benett.    9674."  Geol.  Soc.    fasdculata, 

"Lady  Down  in  Tisbury.    Miss  Benett"    With  Fiah-1  f„^^,i^^„ 
remains  (Sauropns),  Geol.  Soc.  )/«^'«^^''- 

*•  Between  Dallard  and  St  Catherine's  Ford.    Fitton."   1  fagdculaia, 

Geol.  Soc.  j"' 

Cypridea  granulosa  {fasdculata)  is  particularly  characteristic  of 
this  division  of  the  series,  and  Metacypris  Forbesii  is  also  peculiar 
to  it. 

III.  Ostraeoda  from  the  Lower-Purbeck  Beds* 

I.   DOBSET. 

§1.  Portland. 
389.     "  Purbeck  stone,  Portland."    Fitton.  Geol.  Soc  1  bononiemis. 

Marked    as    containing  "  C.   faba**  (=C    valdensis),  Kansata. 
A  white  limestone.  J  purbecl-ensis, 

§  2.  Durlston  Bay. 

366  A I  "  Durlston  Bay,  Isle  of  Purbeck.    Bed  No.  9  of  Lower  l 
368.  J      Purbeck  |.     Soft  grey  Cypris-shales."  \  purbeckensis  (. 

Horace  B.  Woodward,  July  1S84.  J 

t  This  is  the  only  instance  in  which  I  haye  found  Cypridea  valdensis  in  the  Pur- 
beck beds.  Some  doubtful  specimens,  howeyer,  may  be  mentioned  as  occurring  in 
black  shales  from  a  pit  in  Archer  Wood,  near  Battle,  Sussex,  and  in  ironstonej  at 
Poundsford. 

1  Mr.  Bristow's  list  in  Damon's  new  edition. 

I  Cypris  purbeckenm,  M  P.  G.  Xsf ,  is  entered  in  the  Catal,  Fossils  M.  P.  G.  1865, 
p.  254,  as  belonging  to  t^e  "  Middle  Purbeck "  (of  Durlston  Bay?),  together  with  Ser- 
puliUs  and  ArcSceoniscus ;  but  this,  I  think,  must  be  a  mistake,  for  this  species  and  the 
other  fossils  here  mentioned,  for  by  far  the  most  part,  characteristically  belong  to  the 
Lower  Purbeck.     It  is  referred  to  as  "  17  in  O." 

a  J.  G.  8.  No.  163.  ^^        n 
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Kofl.  of  tha  apeci- 

meoB  iti  T.  E.  J/e 

CoUection, 


list  of  Specimens  &c.  (coniintiedy 


Gollectar  or  Muai^imi. 


Spedfli. 


pW^V§Ckf1tMlA 


1 


Localitj. 
§  3,    Worbarrow  Biiif, 

371 .  *'  Worbarrow  Bay.  Hard  slat v  liineatone  with  occosioiiu 
partings  of  Bnndy  &haie.     Hard  Coclle-bcda  " 

H.  B.  W.  Julj  1884, 
376.     '•  Worbarrow  Buy.     Brown  CTpria-freet* lone." 

H.B.  W.July  1884,] 

§  4.  Lulworih. 

273.     Lidworth fmtrbtcimm, 

\  htrnmummt. 

In  the  '  Catalogue  of  Eock'-specimens,  Hub.  Pract.  Geo!,'  1862, 
p.  141,  a  piece  of  "grey  slaty  limestone **  of  the  Lower- Purbeck 
Series,  "  with  pule  marly  clay,'-  in  the  "'  Soft  Cockle-l>ed8,*'  and  con- 
taining pseudomorpboue  casts  of  salt-cr}  stal»,  is  described  a£  having 
its  "  upper  and  under  surfaces .  .  . . ,  a?  well  as  the  easts  of  crystals 
....  thickly  covered  with  Cifpru  hr/nmimUa.^^  Though  these  htlle 
bodies  at  first  sight  closely  resemble  Dant^nula  htjuminflh,  they 
are  really  minute,  eubcylindrical,  oolitic  concretions  •  c-ompoeing 
the  rock.  They  stand  out  whitish  on  the  surfaces,  more  distinctly 
than  elsewhere,  on  account  of  weathering ;  iu  the  limeetone  tbey 
have  a  brownish  tint,  and  under  the  microscope  the  cemeiitiDg 
raatrts  is  calcareous,  Mr,  Cunnin^ton  has  shown  me  a  specimco 
from  Chicksgrove  (not  far  from  Tetfont),  which  has  these  oolitk 
grains  interstratified  with  a  dense  argillaeeouK  limestone. 

In  a  grey  marly  limestone  from  Teflbnt,  with  chert,  and  containing 
fish-remains  (in  the  Kev.  W.  R.  Andrew*s  collections),  I  havefleena 
thin  layer  of  similar  oolitic  granules,  some  boteHoid,  but  most  of 
them  round  and  ovoid. 


§  6.  ^ifitfgfaiil  Btiif, 

376.  BingBt«ad  Bay.  From  H.  B.  W,  July  18f^.  This  is 
a  mass  of  amall  rotmdiah  gronidos  mid  Cypndm^ 
ooiit«d  more  or  k'«»  with  Cidc-sinter.  inel tiding  deo 
email  tulwa  (Sfrpiftfg  ?).  This  is  eoriiparsble  wilh  a 
similar  Purbeckian  bed  near  Boidogiie,  see  *  ProtieiHl. 
Geol  Aiisoc.'  \'oh  ifiiL  p.  58,  and  *  Bidlet.  Soc^  Gi&gL 
France/  eer.  3»  vol.  viii.  p.  til 6. 

§  6.  Ridgwaif, 

67.     Kid^¥By  HilL     From  tho  Kev.  O.  Fi?^hcr  t.  Jan.  1883. 

372.  ^'Rid^^ay  nil],  L'pwny.     Middle  rock.      Soft   Orprift- T 

liniest^rae.''  If.  B.  W.  Jidy'l884.  N 

373.  *'  Kidgway  IlilU  Upwaj."  H,  B.  W,  July  1884.    j»ff^J«ML 
380.     "  Ridg^^ay  Hill,  Upway.   Bmee  Cypris-limcstonp,"         1       l^j.^^^ 

k  B,  W.  July,  1884.  JP^^**'^ 

•  Thia  i»  a  dillVrcnt  oolite  from  that  of  tho  speeimc'n  no.  .'t84  tn:na  Ridgvm^. jp,  3S7, 
t  See  the  ReF.  O,  Fi«bcr*ft  "  Alemoir  on  the  Purbift'k  StTatn."  le.  Tfum.  &Bikr. 

FhiL  Soc  voh  ix.  iHbb  ;  Nod.  1  nud  2  of  the  Bidgway  LisL    (Htai  ilfo  in  Jhma^  | 

*  Geology  of  Weymouth/ Ac.  1860.  p,  HI. 
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Lisfc  of  Speoiinens  &c.  (continued), 
Nos.  of  the  speci- 
mens  in  T.  B.  J.'s 
Collection.  Locality.  Collector  or  li^useum.        Speciee. 

384.    "Upway,  Dorset."     Marly  limestone  with  flhell-gritl  _.  ,_,^  . 
and  coarse  oolite.  H.  B.  W.  1885.  ]  l"**"^^***"- 

n.  WiLTSHIBB. 

§  1,   VaU  of  Wardour, 

Teffont    In  the  Quart.  Joum.  Geol.  Soo.  vol.  x.  p.  477, 1 

the  BeT.  O.  Fisher  *  refers  to  the  local  species  from  |>  purheckenm. 
th^  Lower  Furbeck  of  Teffont.  J 

Teffont.    Specimen  in  Mr.  W.  Oimnington's  Collection, 

named  by  Prof.  E.  Forbe8.t    purbeckenais, 

230.    Vale  of  Wardour.    Silicified  wood  with  very  fine  speci- 
mens of  purbeckensis, 

f  purbeckensis. 

75-82.    Vale  of  Wardour <oon<mienais, 

yansata. 
365.    Lowest  Purbeck  Bed  |,  lying  on  the  Portland  Limestone  ^ 
at  Oakley  (Wockley)  Quarry  near  Tisbury,  in  the 
Vale  of  Wardour.    A  block  of  this  is  preserved  in  the 
Museum  of  Practical  Geology,  Jerm^  Street.    It 
has  been   described    bv   H.    W.   Bnstow,    in    the    f,^,nnm{jmj»* 
*  Catalogue  of  the  Bock-specimens  in  the  M.  P.  G.*  J.«^»«»«* 
3rd  edit  1862,  p.  139 ;  and  it  has  been  referred  to  by    ^*»«'^- 
Prof.  J.  F.  Blake  in  the  Quart.  Joum.  GeoL  Soc. 
vol.  xxxvi.  1880,  pp.  190,  200 ;  by  Sir  A.  C.  Bamsay, 
ibid.  p.  236,  and  l^  W.  H.  Hudleeton,  in  the  Proc. 
GeoL  Assoc.  voL  vii.  1881,  p.  174.  ; 

*  I  have  also  received  from  him  (Jan.  1883)  C.  purbeckensis  collected  at  Teffont  by 
the  Bev.  W.  B.  Andrews. 

t  Extract  from  a  paper  on  *  The  Geology  of  the  Vale  of  Wardour/  by  Mr.  W. 
Ounnington,  F.O.S.,  read  at  the  BlackmoreMuseum,  Salisbury.  (In  a  letter  from  Mr. 
Cunnington,  February  1885.)  *'  According  to  Prof.  B.  Forbes  Cvpris  tuberculcUa  is 
found  only  in  the  Upper  Purbecks,  Cy^^  fasciculata  in  the  Middle,  and  Cypris 

piarbecJkeTisis  in  the  Lower It  appears  that  the  Upper  Purbecks  are  altogeuier 

wanting  in  the  Vale  of  Wardour. 

**  In  the  vear  1851 1  had  the  pleasure  of  accompanvins  Prof.  £.  Forbes  and  other 
geological  niends  in  a  tour  through  the  Vale  of  Wardour.  Passing  down  a  lane 
between  Teffont  and  Tisbury,  I  broke  off  from  the  rock  at  the  side  of  the  road,  a  smsdl 
piece  of  stone  fiill  of  Cyprides ;  and,  showing  it  to  him,  he  said,  *  This  is  Cyprisfas- 
cindata ;  within  a  few  yards  lower  down  you  ought  to  find  Cypris  purbeckensis ;  *  and, 
as  he  predicted,  within  the  space  mentioned,  I  found  the  veiy  species.    The  specimens 

are  now  on  the  table Ab  this  was  Mr.  Forbes's  first  visit  to  the  spot,  the  incident 

afforda  a  striking  proof  of  his  geological  knowledse." 

i  Possibly  the  estuarine  Portlandian  (succeeding  the  marine  Portlandian),  or  the 
"  precursor  of  the  Purbecks,**  Hudleeton,  Proc.  G^eoL  Assoc  loc.  cit.  See  also  Prof. 
Judd's  remarks  on  the  passage  from  the  Portland  into  the  Purbeck,  Quart  Joum. 
GeoL  Soc.  vol.  xxviii.  lo71,  p.  223,  and  Mr.  Godwin-Austen*s  Section  at  Swindon, 
Quart  Joum.  Geol.  Soc.  vol.  vi.  1850,  pp.  464-467,  also  Prof.  Blake's,  ibid.  vol.  xxxvi. 
The  geology  of  the  Vale  of  Wardour  has  been  treated  of  bv  Dr.  W.  Fitton  in  his 
mraioir  "On  the  Strata  below  the  Chalk,**  Ac.  Trans.  GeoL  Soc  ser.  2,  voL  iv.  1836, 
and  the  Purbeck  beds  of  the  district  are  especially  mentioned,  thus : — Dallard*s  Farm, 
pp.  250,  260;  Dashlet,  pp.  250,  260;  Chicksgrove,  pp.  251,  260;  Wockley,  p.  252; 
Teflbnt^  pp.  259,  260;  tady  Down,  pp.  262,  272.  See  also  the  Rev.  P.  B.  Brodie*8 
papers,  Proc.  Geol.  Soc.  vol.  iii.  1839,  1842,  pp.  134,  780;  Quart.  Joum.  Geol.  Soc. 
voL  X.  1864,  pp.  475,  482 ;  and  especially  the  Bev.  W.  B.  Andrews*s  memoir.  Quart, 
Joum.  Oeol.  Soc.  voL  xxzvii  1881,  pp.  248-253,  and  Mr.  W.  H.  Hudleston*s  in  Proc 
GeoL  Assoc,  vol.  viL  1881,  pp.  161,  &o. 
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List  of  Rpecimcne  &c.  (coniintitd)* 
Kofl.  of  the  apeci- 
meua  in  T»  R,  JJb 

CoOection.  Ix>cality,  CoUector  or  Muwum. 

"  ChkkBgTOTe  or  Wootley.     Bottom  of  the  Cap."     W  ith  f 

§  2.  Stuindon. 
mi.     Swtndou.     CoUcctetl  by  the  Rer.  Prof.  J.  F.  Blake  *.      | 

IIL  BucKinTGHAaiBirrRK. 
§L    miitchurch^  &c. 

3(53.     South  Oving,  Back<*. 

J,  F,  Blake  (Quart.  Jovirn.  Gbol.  Soe.  rari.  p.  215). 

•*QiiRmtoii.  Westem  pit.  Pendle."  t  Fitton,  May^ 
la  1834.  vol  15,  p.  122"*  (notebook?).  See  Fittoa'i 
memoir,  p.  290. 

Quainton.    Pendle,  with  "  My  (Hut  ^  Cyclas  partm,  imd ' 
Cffpris."  Fitton. 

Whitchurch;'  "  Pendlo."  FittoB.  '*  May,  18S4,  yol.  IS."  ^ 


fepeciei* 


2:m. 


236. 

232  & 
228. 

22fi, 
2L>7, 


:} 


'^  Whitchurch; 
Whitchurch  ? 

"  W-hitchurch. 


Cyi>ri(lj  C3illed  €.  /aba. 
'*  Whituhurch.    Fitton.    1522/' 


"  224/'     Fitton*!  memoir,  p.  280. 
« 1527-1053/'     *■  a/al^ar  Fitton. 

1520.       Fittou."       Shell-grit     wiUi 
Gcol.  Soc 


OOWMiKowiWfc 


artsata. 


Fitton/' 


Qrol.  Soc 


Geoh  Boc 


ansata. 

bonoKunmt, 
purbicJDemU, 


'*  Pendk,    WTiitchurch. 

^^Pendle.     Whitchiiroh/'     With    vertebra;   of  fiah.   mS 

oblong  biTaWe,  and  nn  impn>t<8ion  of  n  leaf  Q).  Vttnmta, 

GeoL  8oc  / 

Stewkley.       M.  P.  G.  Xb|.      Calal  Fusa.  1865,  p.  253.  JjIJ^JjI^ISk 
See  also  Fittoii's  memoir,  p.  2Hl. 


S 


In  an  interesting  flection  of  Purbeek  and  Portland  strata  J  al  tbe 
farm  called  the  Warren ,  1|  mile  Bouth  of  Stewkley  Cliurcb>  which 
I  had  the  pleasure  of  exflinining  with  Pro!  A.  H,  Green  in  1862, 1 
noticed  a  Cypridiferons  8hale  ahoTO  the  true  Portland  bed»^  and 
below  a  bed  with  Trifjouia^  Unfort^unately  I  have  mislaid  the 
specimens  then  collected. 

§  2.  Bartwell^  nmr  Ajfltshurif  I!.     The  Hi  near  the  BugU  Inn. 
172.  170, 17i?.  179, 184,  ISO,  VJIa.     Si>(l  limfistonci,  marl*,  and  clay, 

179,  IHO.  IUIa.     Soft  limestone,  nmrl»,  and  days.. 

179,  1811,  191a.     Soft  hmcstones,  marie,  and  claj-s  ,.. ...,..,..     owm/o. 

173.     Den sp  pre^n  clay ,„., 

180.     Crumhly  clhj. 


i 


L 


•  See  Quart.  Joarn.  Geol  Socs.  toI.  xxxvi.  pp.  2O3-207.  See  »lioC,  Moonpfr 
on  the  BMtion  And  fowrila  of  Purbeck  beds  at  ^  indon,  Proc,  GeoL  Amoc,  vol  ii«| 
1879,  p.  543,  &c. ;  and  further  on,  p.  330.  I 

t   The  ''  pendle,"  a  Porbeckian  k^l,  found  in  botli  Buda  and  Wilts,  ooofiili  m  ft  I 
white,  grey,  or  creamy  limeftone.  fUDiiu'wIiat  argiltaceoua,  generally  fiatilt  ahem 
solid  below,  and  eontainf  at  Whitchurch  roimded  vrliiiiBh  particdiM.*   It  haa  baatt  ft 


to  contain,  at  pi 


Cj^/pridM,'*  Modioli y  Paludina,  Cychspanie^  FUam^  ?,  m 
\  S^  aUo  Fition't  Memoir,  p^  29L 
It  The  particulars  of  the  sections  of  this  and  the  following  tfttknaaa^dMsnf  be^ 
parUy  mislaid,  their  more  perfect  exposition  is  delayed  M'Mm  WRSiaBuMriWy. 


'A 


OF  THE  PUBBEGK  FOBMAHOK. 


329 


Nob.  of  the  speoi- 

mens  in  T.  B.  J/s 

Collection. 


list  of  Specimens  &c.  (continued). 


§3.  HartweU.- 

K  \  Shalj  beds. 


162, 166. 

162,166, 

166. 


Locality.  Collector  or  Museum.        Spedee. 

BamanTs  Pit  (or  ''pit  at  BametVs  Close'') ♦. 

purbccken$i8. 

, ansata. 

(  retirugata  (var. 
-I      texfUiSy  PI.  ix, 

I     f.:i4). 

§  4.  BdrtweU, — Bishopstone  Pit  (on  the  road  between  Bishopstone 
and  Stone).  Fitton's  Memoir,  pp.  287,  297  ("Horton's  pits''  and 
"  Dr.  Lee's  pit,"  at  p.  297).  This  is  the  same  as  pit  "  no.  200  "  on 
the  plan  of  the  late  Dr.  Lee's  property  at  Hartwell. 

Blue   clay,  with    fish-scales    (Pleuropholis),     Fitton's'] 
Memoir,  p.  287.    Marked  •'200"  on  Fitton's  hibel.  \  Mtrbeckensis, 
See  also  ]3rodie*s  section  of  this  quarry  (near  Stone),  |  ootioniensis. 
Proc  OeoL  Sop.  vol.  Hi.  1842- n.  7ftl. 


238,  241, 
245. 


Proc  (JeoL  Soc.  vol.  iii.  1842,  p.  781. 
§  5.  Hartwell  {other pits). 

Near  Ayleehury ;  with  MytUus. 


M.  P. 


^  ,     J  b&noniensis, 
'  bononiensis. 


247,  265,  ^ 
260,261, 
350?,  & 

L166, 
British 

Museum. 


268.    Ghrey  day  on  the  Pendle <  ansata. 


rugulata  (! 


rf.2( 

Pl.i 


20). 
ix. 


The  Pendle. 


ipurbeci 
bononii 


urbeckensis? 
Htensis. 
I  ansata. 


256. 


253.    **  Last  Portland  hed.** 


'  ruffiUata  (PL  ix. 
ansata.  [f.  19). 
rvqukUa  (PI.  ix. 

f.  17&18). 
botioniensis^ 
ansata? 
[bononiensis. 
ansata.[f.2l-2S). 
reiiruffaia{Fl.ix. 
with  an  Echino- 
derm  spine. 
353.  350,T  .purbeckensis. 

361,355. 

360.    Soft  f riahle  limestone.  1  (  bononiensis. 

354.    Grey  day J    [ansata. 

357.    Friahle  snale.    *'  Trigonia ;  next  to  Portland.** bononiensis,  rugulata. 


}|  pttrbeckensu. 
Soft  limestones  and  day  (361)  \  bononiensis. 
[ansata. 


In  the  Lower-Purbeck  series  the  characteristic  Ostraoods  are : — 

Cypris  purbeckensis^ 
Candona  hononiensisj 
Candona  ansata^ 

as  will  be  seen  by  reference  to  the  foregoing  local  lists  for  Wilts, 
Dorset,  and  Buckinghamshire.  At  Swindon,  however,  Prof.  J.  F. 
Blake  foond  a  "Parbeck"  stratum  which  has  yielded  two  new 


*  *  London  Uniyersity  Magazine,*  June  1856,  p.  103, 
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Bpccies  of  Ci/ there,  C  tt^a^mens  and  6\  re(inifjata.  Of  Qliiflb  tti 
latter  occurs  in  the  lowest  Purbeck  beds  in  two  t>f  the  stone^tt  il 
HartwoU,  near  Aylesbury,  namely  the  •*  Bugle  pit  "  and  **  BttmardV 
pit.''  A  variety,  or  the  male  form  (ru^ithtfa),  of  C.  ntirujata, 
occurs  botli  in  the  last-mentioned  quarry  and  in  similar  low  Purbeck 
(if  not  really  mtuarine  Porthmd)  bed&  in  other  pits  near  by. 

The  mingling  of  what  seem  to  be  freshwater  with  marine  specMS 
in  theKo  lowest  strata  is  a  aubject  of  much  interest,  and  will  reqaire 
further  attention  and  close  study  of  the  succession  of  strata,  C. 
iransieTis  has  been  found  also  in  white,  soft,  Portland  Btone,  from 
Brill  in  Bucks. 

rV.  Purbeck  Beds  viear  Mountfield  and  Pmitndnford^  Snuiae, 

The  overlying  Cypridiferoufl  shales  near  Mountfield  contain 
Ci/pridea  vaMenjfiSf  Darwinula  Ie<fumhiella^  and  Cyprkha  AmUm{% 
and  belong  to  the  Weald  en  series ;  but  the  Emcstones  that  have 
been  bronght  up  from  the  old  pits  at  Limekiln  Wood,  near  byi 
contain  Purl>eck  species,  thus  : — 

63.  Kght-oolouHKl  Un.e,U.n«    {^„'J^'j^"f.^, 

2/i»  28li.  312,  340*  Solid  bluish  Umestotii%  uppnreutly  compost?*!  of 
Oypndjt;,  atid  showing  tti(MLi  oa  casta  and  moulda  on  the 

wantlicred  iurf>u?e» ...*.. >.. ...*.*... pwi^tfftl? 

307.  Blue  alml*,  with  n  ttiin  layer  of  the  imnll  bot*?Uuid  ooUto 

which  b  seen  in  Piirbeck  a[)ecimenft  fmiy  Tj^flbnt,  &c Tn  the  fh»^ 

PjBter-bed,     OfitraLHidfif  chiefly  ai*la,  weathoi^  out  free.,.  Cytkff^}^ 

In  ironstone  at  Ponndeford  we  find  Cijpridt^i  valdensh  (?)»  ihr- 
winida  le^juwindlay  and  insect -remains, 

Piirhecl'  beds  from  the  Sub-We(tlden  Borintj  at  NttherJiM, 

394.^411,  412.  Dark  groj  impure  limealonce,  lit  85  feet  and  96 1  jm«<?«il«, 
feet  depth , /  with  C'Aor*. 

V.  The  late  Mr.  CJmrlr^  Mmreh  Speeimem  from  the  Purbi€k 
Beds  (U  Smind^^nf  Wilis, 

In  the  *  Proceed.  Geol  Assoc/  vol.  ir.  187(1,  pp.  544-M6,  thilf 
is  an  account  of  the  late  Mr.  Charles  Moore's  discovery  of  mmy 
fossils  in  the  Purbeck  beds  in  the  Great  Quarrj  at  Swindon;  tod 
amoDg  the  fossils  mention  is  raade  of  four  or  five  species  of  ()fpnt 

The  Rev,  H.  H.  Winwood,  F.G.S.,  ha«  bet^n  so  good  as  to  W^ 
for  these  fossils  in  the  Bath  Mus^eum ;  and  from  among  C.  Moore '^ 
Upper-Oolite  collection  he  has  sent  me  six  little  glass  tubes  con- 
tainiog  Ostracodal  valves.  On  examination,  theae  prove  to  be  simiiaf 
to  other  Purbeck  species.     Thus ; — 

Tube  59*  Ct/pridea  ^jiDiftfr^ft,  ordinary ;  and  C*  Ihttderi^  witi 
very  strong  beak  and  noteh.  (\  Dunkeri  is  much  moit 
numerous  than  the  other.     About  90  altogether. 

Tube  6u.  Cffihtire  reilrugata  aivd  its  van  rutjulitia  ;  ordinary;  thoQi 
60. 
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Tube  61.  Cy there  retirugata  and  its  var.  rttgulata,  ordinary ;  and 
one  Cypris  purbeckensis :  20  specimens  altogether.  In  both 
60  and  61  rugulata  is  more  common  than  the  other. 

Tube  62.  Cypridea  punctata ;  very  large.     Numerous ;  about  80. 

Tube  62*.  (kindona  hononiensis  and  C.  anmta  (both  ordinary),  15 ; 
and  Cypridea  punctata  (ordinary),  only  one. 

Tube  65.  Cypridea  punctata^  ordinary ;  and  C.  Dunkeri,  like  that 
of  tube  59,  more  numerous  than  C.  punctata  ;  about  250  of 
the  two  together. 

Certain  strata  at  Swindon  containing  "  Cypridea  "  are  described, 
loc,  eit.j  as  freshwater  marls  and  limestones,  10  feet  thick,  with  depres- 
sions ("  pipe-like  veins  ")  in  them,  containing  material  derived  from 
the  Lower  Greensand.  Further,  they  are  referred  to  as  chalky 
'limestones,  in  which  are  one  or  two  darkish  bands  of  earthy,  car- 
bonaceous marls  and  loose  grits,  containing  mixed  marine  and  fresh- 
water forms.  C.  Moore  also  remarked  that ''  the  chalky  limestones 
or  marls  contain  few  remains  of  recognizable  character ";  but,  to- 
gether with  several  smaller  derived  fossils,  he  got  four  or  five  species 
of  Cypris  "  from  the  black  bands,"  or  **  earthy  carbonaceous  marls 
and  loose  grits ''  (the  ^'  black  carbonaceous  friable  loam,'*  Hudleston, 
op.  cit.  p.  548).  The  specimens  in  the  tubes  above  referred  to  are 
(from  both  internal  and  collateral  evidence)  believed  to  be  Mr.  C. 
Moore's  Swindon  specimens. 

These  deposits  f  were  referred  to  the  Middle  Purbeck,  with  some 
doubt,  by  Mr.  C.  Moore ;  and  he  suggested  that  Purbeck  beds  of 
older  date  may  have  been  cut  into,  disturbed,  and  mixed  up  with 
them.  Prof.  Morris  gave  his  opinion  (p.  547)  that  these  beds 
♦*  might  be  the  equivalents  of  the  entire  thickness  "  of  the  Purbeck 
series  (300  feet  at  Durlston  Bay). 

Either  of  these  suggestions  will  account  for  the  occurrence  of  the 
Lower-Purbeck  species : — retirugata^  rugulata,  hononiensis,  ansata, 
and  purhechensis  in  company  with  Dunheri  and  punctata.  Had 
faseieulata  turned  up  also,  we  should  have  had  a  fairly  representative 
and  complete  group. 

§  V.   COWCLUSIOK. 

In  conclusion  there  are  fourteen  species  of  Ostracoda  in  E.  Forbes's 
three  divisions  of  the  Purbeck  series  of  deposits.  Five  of  them 
occur  only  in  the  Lower  Purbeck.  Of  the  others,  six  occur  in  both 
the  Middle  and  the  Upper.  Of  the  fourteen,  five  go  up  into  the 
Wealden,  from  the  Middle  and  Upper  divisions  only.  See  the  fol- 
lowing Table  (p.  332).  Cypridea  punctata  for  the  Upper,  C.  granulosa 
( fascictdata)  for  the  Middle,  and  Cypris  purbeckensis  for  ^e  Lower 
Purbeck,  are  especially  characteristic. 

t  At  p.  548,  op.  cit.t  Mr.  Hudleston  notes  that  this  *'  black  carbonaceous 
friable  loain**  becomes  further  on  a  bed  of  Cerithium  vortlandioum  in  *'dark 
friable  marly  grit,"  and  "  that  abore  this  bed  the  re|;ular  Portland  Limestone 
oomee  on  a^in,"  "  Purbeck  "  and  "  Portland  "  conditions  inoaoolating  at  this 
•pot.    Prof.  Blake's  interpretation  of  the  section  is  different. 


Digitized  by  LjOOQ IC 


332 


FBOF,  T.  K,  JOITES  ON  THE  OBTBACOBA 


k 


Digitized  by  VjOOQ IC 


OF  THE  FURBEOK  FOBMAHOK. 


333 


BOIUXT. 


§  VII.  Appbkdix. 
1.  The  Ostracoda  of  the  Wealden  Formation, 


Upper  Weald.    Swanage  Bay    f  Cypridea  valdensis  \  separate  in  some  beds, 
(PunfieldCoTe)]  (H/there  Fittoni        J      together  in  others. 
[  Cypridea  spinigera,  only  in  one  bed  and  alone* 


Isle  of  Wight. 
Upper  Weald. 


Orange  Ohine,  W.  of  Oompton.. 


Upper  Weald.        Oompton  Bay 


(Upper  ?)  Weald.    West  of  Brook  Point 


(Upper?)  Weald.    Brixton  Bay 


(Upper?)  Weald. 
(Upper?)  Weald. 


Shepherd's  Chine . 
Ck>wleaze  Chine    . 


Upper  Weald.        Atherfield 


Upper  Weald.        Sandown  Bay . 


Sussex. 

Weald  Olay. 

Weald  Clay? 
Weald  Clay. 

Tunbridge- 
Wells  Sand. 

Tunbridge- 

Wells  sand  or 

clay  in  it. 

Grinstead  Clay. 

Shale  in 

Tunbridge-Wells 

Sand. 


r  Cypridea  valdenm. 

\ Dunkeri. 

' veUdensis, 

'   Cythere  FUtoni. 

Ch/pridea  spinigera, 

valdensis. 

Cythere  Fittoni. 

Cypridea  Dunkeri, 

— —  valdeTisis, 
'   Cythere  FUtoni, 
^  Cypridea  Dunkeri. 

... valdensis. 

... valdensis 

f valdensis, 

Cythere  Fittoni, 

Cypridea  spinigera. 

Dunkeri. 

Darminula  legumineUa, 

(Cypridea  valdensis. 
^nigera, 
Dunkeri. 
Cythere  Fittoni. 
Darwinula  leguminella. 


_  ,,           1   /    M       \  f  Cypridea  i 

Pulborough  (railway)    j  ^f;^^^  j^ 


valdensis, 

Fittoni. 

Pallingham,  W.  Sussex FUtoni. 

Petworth  (Sussex  marble) Cypridea  valdensis. 

^T    .i.t     ,       1    t         •*  r valdensis, 

Northland      shale  -  pit,    near 

Chripp's  farm  and  Cuckfield... 

Between  Ansty  Gkite  and  Slouch 

Green,    N.W.    of  Cuckfield; 

from  a  well    

j  Balcombe  Tunnel,  South-Bastem ' 
I     Bailway  


-  Lindfield,  N.B.  of  Cuckfield., 


hispinosa. 

aculeata. 

valdensis. 

tuberculata. 

Dartoinula  leguminella, 

Cypridea  valdensis. 

valdensis. 


spinigera. 

Cythere  Fittoni. 
^  ifyprione  Bristovii. 
Cypridea  valdensis. 
tuberculata. 


Grinstead  Clay,  patch  of,  let  down  and  preserved 
by  a  fault,  in  the  Railway-cutting  near  Brook 

Farm,  south  of  East  Ghrinstead    

Tunbridge-        1  Balcombe  Quarry;  with  Toma- 
Wells  Sand.       J      tella  Popei  

W^l^i.     h'^"'^  —  opiniffera. 


Wadhurst  Clay. 


^1     M     «T    *-n    i_-ii  { Cyprione  BristoviL 

2i  miles  W.  of  Beihill  |  (^Hdea  tuberculat^i. 


Wadhurst  Clay?    Bopeep,  St.  Leonard's  \ 


I valdensis, 

\ Dunkeri. 

\ tuberculata. 
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Wadhupst  Clay.     St.  Leonard's,  Hastings.. 


Wadhurst  Clay  ?   Oowhurst  Boad,  Hastings  .... 
Wadhuret  Clay  ?    HoUington,  near  Hastings    .... 

Wadhurst  Clay?   Tivoli,  Hastings Cffptidea  valdenmL 


Cypridea  tfoldemtit, 

DunkerL 

tubereulata. 

valdenm. 

Dunkerif 

, valdenm. 

valdmni. 


( 


Wadhurst  Clay. 

Wadhurst  Clay. 
Ashdown  Sand. 


Quarry  near  the  Black  Horse 
Inn,  Telham  Hill,  near  Has- 
tings  


V 


Eooleeboume  Glen,  Hastings    ... 

f  East  Cliff,  Hastings  (W.  B.  &  H. 
\     Binfield) 


Ashdown  Sands  ?  Mountfield  (shale 
Kknt. 


')•• 


vaidenm, 
Cythere  Fittoni. 
Cypridea  tuberaUaUT 

Dunkeri. 

hispinom, 

iCyprione  BrisUm. 
Ch/there  FitUmL 
Cypridea  tubereulata, 

valdenm. 

valdentis, 

Darvnnula  legmnmeUa. 
Cfypridea  Austenif 


Weald  Clay.  Sevenoaks  Tunnel 


Weald  Clay. 

Weald  Cky. 

Weald  Clay. 
Weald  Cky. 

Weald  Clay, 

Tunbridge- 
WellsSand? 

Tunbridge- 
WellsSand? 


(Upper?)    Tun- 
bridge-WellB 
Sand. 

SURKBT. 

Weald  Clay. 
Weald  Cky. 

Weald  Clay. 

Weald  Clay. 
Weald  Clay. 


Cypridea  valdenms. 

epinigerat 

gyripunctaia^ltS, 

Cythere  Fiitoni. 
^Lilr^lnHida  leyumrndk 

r  Near  Maidstone ;  railroad  at  Great  /  Cypridea  valdenm. 

1     Buckland;   and  Wateringbury  \  C^A«« -TO6)im. 

f  Great    Chart,     South  -  Eastern  /  Ci^pnwfea  noWenau. 

I     Bailway  \  (^there  FitUmi. 

"Adlington'' (probably Aldington)  [  %^^^^^^ 

Bethersden Cypridea  valdenm 

^  ( valdenm 

Hythe J  Cythere  FiitcmL 

[  Darwinula  leywmmeOa, 

j.Tunbridge  Cyprione  Brittom. 

"  Tunbridge-Wells ;  with    Toma-\  ^      .,         „      . 
tellaPopei ^  Cypndea  valdemmM. 

( vaidentis, 

I  Cythere  PitUmL 

Langton  Green  v  Cypridea  tvberculatm, 

biepinoeat 

(  Darwinula  legumindlt, 

Peasemarah,  near  Guildford Cypridea  ihtimi 

' valdenmJ 

Cythere  Fittonif 


) 


Hailemere  (railroad) {'cirtiei'^'^''^^ 


{Trout's  Farm,  and  near  Henhurst,  \  ^     . , 
at  the  foot  of  Leith  Hill   ]Cypr^dM 

Dorking  Tunnel 

Earlswood  Common 


'  tp%miyertu 
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2.  Synoptieal  List  of  the  Ostracoda  of  the  Purheck  and  Wealden 
Formations  in  England,  showing  their  Stages  and  Recurrence, 
{Successively  numbered^  1-20,  upwards  from  those  of  the  Lower 
Purheck.) 

WsALDkN  Species  (11  species,  6  of  which  come  up  from  the 
Purbeck,  Upper  and  Middle). 

14.  Cypridea  valdensis  (Fitton).     Very  rare  in  Mid-Purbeck,  but 

very  abundant  here. 
13.  Dunkeriy  nov.  1  Recurrent  from  the   Purbeck 

10.  tuherculata  (Sowerby).  J      beds. 

20.  spinigera  (Sow.). 

19.  hispinosa,  Jones. 

18.  ;■  dorsispinata^  nov.  M8. 

17.  ^  gyripunctata,  nov.  MS. 

16.  actdeata,  nov.  (part  of  verrucosa,  Jones). 

15.  Cythere  Fittoni  (Mantell).     Common. 

8.  Oyprione  Bristovii,  nov.  )  Recurrent  from  the  Pur- 

7.  Darwinula  legumineUa  (Forbes).  J      beck  beds. 

Uppbb-Ptbbeck  SpEaES  (6  species,  all  of  which  recur  from  the 
Middle  Purbeck ;  4  go  on  to  the  Wealden). 

12.  Cypridea  punctata  (Forbes).     Very  abundant. 
12**. ,  var.  gihhosa  (Forbes). 

12*. ,  var.  posticalis,  nov. 

13.  Dunkeri,  nov. 

11.  verUrosa,  nov. 

10*.  tuherculata  (Sow.),  var.  adjunda,  nov. 

8.  Oyprione  Bristovii,  nov. 

7.  Darwinula  legumindla  (Forbes). 

MrDDLB-PTTBBECE  Spbcies  (9  specics,  2  of  which  are  peculiar  to  this 
Division;  but  6  recur  in  the  Upper  Purbeck,  and  5  in  the 
Wealden). 

14.  Cypridea  valdensis  (Fitton).     Very  rare  in  the  Purbeck,  but 

common  in  the  Wealden  beds. 
13.  Dunkeriy  nov. 

- «  ^  u    /w    V    \  (  More    abundant    in    the 

12.  pumtata  (Forbes) |      j^^^  p^^,^ 

12*. ,  var.  posticalis,  nov. 

12**. ,  var.  gihhosa  (Forbes). 

11.  ventrosa,  nov. 

11* ,  var.  glohosa,  nov. 

10.  tuherculata  (Sow.). 


9.  ^anwfow  (Sow.),  var. /(McicttZoto 

(Forbes). 

9*. ,  var.  paudgranulata,  nov. 

8.  Oyprione  Bristovii,  nov. 

7.  Darwinula  legumindla  (Forbes). 


Very  abundant,  and 
peculiar  to  the  Mid' 
Purbeck. 


Digitized  by  LjOOQ IC 


336  PROF.  T.  B.  JONES  OK  THE  08TBA.00DA 

6.  Metacypris  Forhesii^  nov.  1  Rare,  and  peculiar  to  the 

6*. ,  var.  verrucosa^  nov.  J      Mid-Purbeck. 

LowEB-PuRBECK  Species  (5  specics,  all  peculiar  to  this  Division). 

5.  Cypris  purheckensis,  Forbes.     Most  abundant. 

4.  Candona  bononiensis^  Jonos.  1  Often  common  with  C.  pw- 

3.  aiisata^  nov.  J       beclcensis. 

2.  Cyihere  transiens,  nov.  \ 

1.  retiruqata,  nov.  I  nr    •      f 

1  •  1  1  *  >  Marine  forms ;  rare. 

1*. ,  var.  rugulatay  nov.  f  ' 

1**. ,  var.  tecctilisy  nov.  J 

§  VIII.  Descriptiok  of  the  Species. 
I.  Genus  Cypridea,  Bosquet,  1852. 

Cypris^  Auctorum. 

Cypridea^  Bosquet,  1852,  M^m.  couron.  Acad.  Roy.  Belg.  voL 
xxiv.  P.  47  of  the  Memoir,  "  Description  Entom.  foss.  Terrains  tert, 
France  et  Belg." 

Cypridea  (subgenus  of  Cypris),  Jones  in  Morris's  CataL  Brit 
Foss.  1854,  p.  104. 

Cypridea  (?  subgenus  of  Cypris),  Jones,  Monogr.  Brit  Teri 
Entora.  1856,  pp.  9,  10. 

•  Cypridea,  Jones,  Monogr.  Foss.  Esth.  1862,  p.  106,  &  Appendix, 
p.  127. 

Cypridea,  Huxley  &  Etheridge,  Catal.  ColL  Fossils  Mus.  Pract 
Geol.  1865,  p.  264. 

Cypridea,  H.  Woodward,  Catal.  Brit.  Foss.  Crustac.  1877,  p.  88. 

Cypridea,  Jones,  Geol.  Mag.  dec.  2,  vol.  v.  1878,  pp.  107  &c 

Carapaco-valves  subtriangular,  obovate,  or  ovate-oblong ;  convex 
in  the  middle;  broad  (high)  at  the  anterior  third;  narrower 
behind ;  one  or  both  ends  obliquely  rounded ;  somewhat  oompreflsed 
anteriorly ;  notched  at  the  antero-ventral  angle,  behind  a  small 
beak-like  process ;  sometimes  having  only  a  slight  indentation  below 
and  behind  a  thickening  of  the  antero- ventral  angle;  sometimes 
this  is  traceable  only  by  a  curvature  of  the  edge  inside.  Edge-view 
more  or  less  narrow-ovate.  End-view  subovate.  Surfiewje punctate; 
sometimes  almost  smooth ;  often  tuberculate ;  tubercles  small  or 
large,  variously  disposed.  The  hinge-margin  is  definitely  straiglit 
along  the  middle  third  or  more  of  the  dorsal  edge,  with  the  hinge- 
angles  more  or  less  defined,  and  is  oblique  to  the  main  axis  of  the 
valve.  The  left  valve  is  the  largest,  and  receives  the  dorsal  edge 
and  a  straight  ridge  of  the  other  valve  in  grooves  on  its  dorsal  and 
ventral  contact-margins,  the  outer  edge  of  the  ventral  margin  d 
the  left  valve  overlapping  that  of  the  right  valve.  The  ridges  and 
furrows  or  ledges  of  contact  vary  in  intensity  in  different  indiridnak 

1.  Cypridea  valdxnsis  (Fitton).     [Not  figured  here.] 

Cypris  faha.  Sow.  (not  Desmarest).  Annals  of  Philos.  voL  viiL 
1824,  p.  376;  Min.  Conch.  1824,  tab.  485,  pp.  136-8. 
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Cypris  vaJdensis,  Fitton,  Trans.  Geol.  Soc.  2  ser.  voL  iv.  1836, 
p.  177  (not  pi.  21.  fig.  1). 

Cypris  valdensia,  K5mer,Ver8fc.  norddeutsch.  Oolithengebirg.  1839, 
p.  52,  pi.  20.  ^g.  20  (C. punctata,  Forbes). 

Cypris  valdensisy  Dunker,  Monogr.  nordd.  Wealdenbild.  1846, 
p.  59,  pi.  13.  fig.  29  (copied  from  Sowerby's  figure  ?). 

Cypridea  valdetisis,  Jones  in  Morris's  Gatal.  Brit.  Foss.  2nd  edit. 
1854,  p.  104. 

Cypridea  valdensis,  Huxley  &  Etheridge,  Catal.  Foss.  Mus.  Praot. 
Geol.  1865,  p.  254,  270. 

Cypridea  valdmsis,  H.  Woodward,  CataL  Brit.  Foss.  Crust.  1877, 
p.  89. 

Cypridea  valdensisy  Jones,  Geol.  Mag.  1878,  p.  109,  pi.  3.  fig.  11 
(not  fig.  ia-16). 

Largest  specimen  1^  mm.  long  (Wealden).  Largest  Purbeck 
specimen  1^  mm. 

J.  Be  C.  Sowerb/s  original  figure  and  description  in  the  *  Mineral 
Gonchology '  give  very  satisfactorily  the  shape  and  main  characters 
of  this  species,  although  it  often  attains  somewhat  more  bulky 
proportions.  As  noticed  by  Sowerby  and  Fitton,  it  is  very  plentiful 
in  many  of  the  true  Wealden  strata.  They  thought  that  they 
found  it  also  in  several  of  the  Purbeck  beds;  but  in  this  they 
were  certainly  mistaken,  for  Fitton's  labels  (in  the  Geol.  Soo. 
Museum)  show  that  he  mistook  C,  purhecTcensis  and  G.  punctata  for 
it  In  one  of  the  Purbeck  beds,  however,  there  are  some  few  speci- 
mens, large,  smooth,  and  elegantly  shaped,  quite  different  from  the 
thicker  and  coarser  C,  punctata,  which  has  often  been  mistaken  for 
it.  The  stratum  referred  to  is  the  Chert  Bed  of  the  Middle  Purbeck, 
Ridgway,  in  which  occur — 

Metacjrpris  Forbesii. 
Chara,  seed-vesael. 
Fishbone,  &o. 


Cypridea  valdenns. 

punctata  (rare). 

Darwinula  leguminella. 

There  are  also  some  doubtful  instances  of  its  occurrence  in  the 
deep  '*  Purbecks  "  of  Mid-Sussex. 


2.  Ctpridba  puwctata  (E.  Forbes). 

[Only  the  insides  of  valves  are  figured  in  PI.  VTII.  figs.  4  &  5 ; 
the  outeides  resemble  figs.  1-3,  6,  8  in  shape,  without  their  varietal 
and  distinctive  features.] 

Cypris  punctata,  Forbes,  MS.  July  23,  1854. 

Cypris  punctata,  Forbes  in  Lyell's  Manual  of  Elementary 
Geology,  5th  edit.  1855,  p.  297,  fig.  339  6;  id.  Elements  of 
Geology,  6th  edit.  1865,  p.  387,  fig.  376  h. 

Cypridea  valdensis,  Jones,  Monogr.  Fossil  Esth.  1862,  p.  127, 
pL  5.  figs.  26-30. 

Cypridea  punctata,  Huxley  &  Etheridge,  Catal.  Coll.  Foss.  Mus. 
P.  Geol.  1865,  p.  254. 

Cypridea  punctata,  H.  Woodward,  Catal.  Brit.  Foss.  Crust.  1877, 
p.  89. 
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Cyprida  valdmsis,  Jones,  Geol.  Mag.  1878,  p.  110,  pi.  3. 
figs.  13-15. 

Length  |  mm.,  and  1  mm. 

Valves  subtriangularly  obovate,  nearly  obovate,  or  sabpyiiform, 
varying  in  the  protuberance  of  the  anterior  hinge-joint.  Both  the 
front  and  the  hind  margin  are  obliquely  rounded ;  but  the  latti^r  is 
more  contracted  than  the  former.  Convex  medially;  edge- view 
narrow-oval.  Surface  punctate ;  punctations  subcircular,  easily 
seen  with  a  lens  (see  also  E.  Forbes's  letter  to  Mr.  Bristow,  above, 
p.  314).  The  outer  edge  of  the  ventral  margin  of  the  left  valve 
overlaps  that  of  the  right  valve. 

Notch  and  beak  distinct,  and  often  strong,  but  varying  in  inten- 
sity. 

This  species  is  broader  (higher)  and  coarser  than  the  typical 
CypricUa  valdensis  (Fitton),  figured  by  J.  Be  C.  Sowerby  in  the 
'  Mineral  Conchology,'  pi.  485  (December  1824*),  described  there 
at  pp.  136-138,  and  referred,  with  doubt,  to  Cyprisfaba^  Desmarest. 
The  small  (young)  forms  accompanying  adult  specimens  of  C.  pH^e- 
lata  (no.  159)  very  much  resemble  C,  valdensis. 

It  is  quite  probable  that  some  of  the  coarser  valves  referred  to  C, 
valdetisis  by  authors  are  really  C.  punctata^  such  as  figs.  13,  14,  15, 
pi.  iii.  Gcol.  Mag.  dec.  2.  vol.  v.  from  the  Subwealden  Boring  in 
Sussex. 

2*.  Cypridea  punctata  (Forbes).    Var.  posticalis,  nov.     (PI.  VUL 
figs.  1-3,  6,  8.) 

Length  generally  1mm.  Fig.  8  represents  a  specimen  |  mm. 
long. 

Although  C,  punctata  often  has  a  neat  acute-oval  edge-view,  yet 
very  many  individuals  have  the  posterior  extremity  of  each  valve 
thickened  with  a  more  or  less  pronounced  marginal  lump,  thick  and 
round,  low  and  broad,  or  narrow  and  faint,  giving  a  blimt  end  to 
the  edge-view  (fig.  3).  The  close-set  subangular  or  subdrcolar 
punctations  are  usually  strongly  marked. 

2**.  Cypridea  punctata  (Forbes).  Var.  qibbosa  (Forbes).  (PL  VIII. 

fig- 7.) 

Cypris  gihbosa,  Forbes,  MS.  July  18,  1851. 

Cypris  gibbosa^  Forbes  in  Lyell's  Manual  £lem.  Geol.  5th  edit 
185o,  p.  294,  fig.  334  a;  id.  Elem.  GeoL  6th  edit.  1865,  p.  378, 
fig.  3G8a. 

Cypridea  yibbosa^  H.  Woodward,  CataL  Brit.  Foes.  Cmst.  1877, 
p.  88. 

Length  ^  mm. 

Here  the  middle  of  the  valve  is  locally  swollen  ;  this  is  a  variable 
feature,  not  strong  in  fig.  7.  See  Forbes's  letter,  above,  p.  314. 
The  specimen  here  figured  is  nearly  obovate  in  outline,  and  has  a 
slightly  thickened  posterior  edge  (as  in  the  foregoing  ysi.posticalisy 

*  See  "  Dates  de  la  publioation  dee  Esp^cei^"  &c,  par  M.  B.  B«oeTiflr, 
*  BaUet  Soo.  Vaudoise  Soienc.  Nat.'  2  l^Iai,  1855. 
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In  specimen  Xb^  Mns.  Pract.  Geol.,  the  central  swelling  is  well 
marked,  without  any  posterior  thickening  of  the  valve. 

3.  Ctpridea  Dunkebi,  sp.  noy.    (PI.  VIII.  figs.  9,  10,  and  17.) 

Cypridea  granulosa^  Homer  (non  Sowerby),  Yerst.  nordd.  OoL- 
Geb.  1839,  p.  52,  pi.  20.  ^.  24. 

Cypris   granulosa^    Bunker    (non    Sowerby),    Monogr.    nordd. 
Wealdenbild.  1846,  p.  60,  pi.  13.  figs.  31  a,  h, 

Cypris  granulosa^  Forbes  (non  Sowerby),  MS.  July  18,  1851. 
Cypris  granulata,  Forbes,  MS.  July  23,  1854. 
Cypris  grantdata,  Forbes,  in  Lyell's  £lem«  Man.  Geol.  5tb  edit. 
1855,   p.  295,  ^.  337  c;   Elem.  Geol.  6th  edit.   1865,  p.  378, 
fig.  371c. 

Cypridea  granulosa^  H.  Woodward  (non  Sow.),  Cat  Brit.  Fobs. 
Crust.  1877,  p.  88. 
Length  |  mm. 

This  has  the  obovate  form  and  general  features  of  C.  punctata^ 
but  it  possesses  granules  or  small  tubercles  scattered  irregularly 
over  the  surface.  This  is  shown  in  Forbes's  letter  of  July  18, 1851, 
but  too  roughly.  In  our  figured  specimens  the  tubercles  vary  in 
size,  being  feeble  in  the  neat,  small,  nearly  symmetrical  figs.  9, 10, 
and  strong  in  the  larger  and  coarser  fig.  17.  In  one  individual 
{%%.  10)  the  punctation  consists  of  smaU  and  rather  oblong  pits  on 
the  anterior  third  of  the  valve,  with  an  obscurely  radiate  arrange- 
ment. Taking  both  Purbeck  and  Wealden  specimens  of  this  species 
in  view  tc^ther,  we  find  much  variation  in  convexity  and  in 
tubercles  ;  occasionally  some  of  these  are  sharp  (near  Brook  Point). 
This  subovate,  or  rather  obovate,  form  has  been  confused  witii 
the  suboblong  Cypridea  granulosa  (Sow.).  The  latter  is  distin- 
guished by  its  larger  size,  more  oblong  shape,  and  the  tendency  of 
its  granules  to  leave  the  middle  of  the  valve  bare.  This  is  plentiful 
in  the  Middle  Purbeck,  whilst  the  obovate  form,  with  granules 
distributed  over  the  whole  surface,  is  rare  in  the  Purbecks  *  ;  and 
this  agrees  with  E.  Forbes's  note  to  Mr.  Bristow  (see  above,  p.  314). 
In  consequence  of  the  confusion  of  names,  I  now  dedicate  this 
species  to  the  memory  of  my  late  friend  Dr.  W.  Dunker,  of  Marburg, 
by  whom  it  was  figured  and  described  much  more  clearly  and 
perfectly  than  by  his  predecessor  F.  A.  Eomer. 

Cypridea  Dunkeri  is  rare  in  the  Upper  and  Middle  Purbeck,  but 
of  radier  more  frequent  occurrence  (though  rarely  common)  in  the 
Wealden  beds.  It  is  met  with  in  the  Upper  Purbeck  at  Mewps 
Bay  (specimen  Xb^,  M.P.G.),  and  at  Durlston  Bay,  specimen 
no.  40.  In  the  Middle  Purbeck  it  occurs  at  Ridgway  (Xb-J, 
M.P.G.) ;  also  in  a  specimen,  given  to  me  by  the  Rev.  0.  Fisher,  and 
probably  firom  Mewps  Bay,  there  associated  with  Cytheridea  punc- 
tata, var.  posticaliSf  Metacypris  Forbesiiy  and  Darwinula  leguminella. 
The  synonyms  indicate  tiiat  it  also  belongs  to  the  black  Cypri- 
diferous  shales  of  North  Germany  (see  also  above,  p.  319). 

*  Except  at  Swindon,  see  p.  330. 
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4.  Ctpbidea  VENTB08A,  sp.  nov.    (PI.  yni.  figs.  25,  26.)    And  yar. 

GLOBOSA. 

Length  1  mm. 

Valves  thick  and  broad  (high) ;  obovate.  with  one  edge  (ventral), 
notched  and  less  convex  than  the  other ;  broadest  (highest)  at  the 
anterior  third ;  back  elliptically  ronnded,  with  some  protuberanoe 
at  the  anterior  hinge,  and  a  steep  antero-dorsal  slope.  The  ventral 
region  has  its  border  slightly  curved,  oblique,  fuller  in  front,  and 
broadly  notched ;  and  it  is  turned  in  suddenly  so  much  as  to 
form  a  broad  flat  base,  on  which  the  carapace  can  stand  upright 
The  surface  bears  some  irregularly  placed  coarse  tubercles  and 
ridges,  the  latter  being  on  the  ventral  region,  and  having  a  direction 
in  general  parallel  or  conformable  with  the  ventral  and  anterior 
borders.  The  beak  comprises  the  anterior  curved  ridge  much  more 
definitely  than  shown  in  fig.  26.    Edge-view  subovate. 

(7.  venirosa  has  a  near  ally  in  C.  verrucosa,  var.  erassOj  Jones 
(Geol.  Mag.  1878,  p.  108,  pi.  3.  fig.  4),  which  should  (I  think)  now 
be  regarded  as  a  distinct  species  ((7.  verrucosa  ;  see  page  320). 

In  specimen  44  the  typical  C.  ventrosa  is  accompanied  by  a 
variety  (glohosa)  which  is  quite  smooth,  and  in  some  cases  almost 
loses  its  ventral  lateral  projection,  though  retaining  a  strong 
gibbosity.  The  flat  ventral  base  in  C,  ventrosa  reminds  me  of  a 
somewhat  similar,  but  more  regularly  constructed  feature  in  NoUh 
dromaSy  LiUjeborg  (Cyprois,  Zenker,  and  Newnhamm^  King). 

C,  ventrosa  is  found  in  the  Middle  Furbeck,  together  with  its  var, 
glohosa;  and  it  occurs  also  in  the  Upper  Purbeck:  at  Durlstoo 
Bay  in  both  cases. 

6  &  5*.  Ctpbidea  obantjlosa  (Sow.)  ;  and  var.  fasciculaxa  (Forbes) ; 
and  var.  paucigbantjlata,  nov.    (PI.  VIII.  figs.  18-21.) 

Cypris  granulosa,  Sow.  1836,  Trans.  Geol.  Soc.  ser.  2,  voL  ir. 
pp.  177  (?),  260,  345,  pi.  21.  fig.  4, 

Cypris  granulosus,  Mantell,  Wonders  of  Geology,  1838,  voL  L 
p.  344,  tab.  46.  ^g,  9  {^g.  7  is  a  bad  copy  of  a  part  of  Fitton's 
fig.  1,  and  fig.  9  of  part  of  Fitton's  fig.  4).  Cyprit  granulosa, 
Mantell,  Wonders,  3rd  edit.  p.  77,  fig.  9,  and  6th  edit.  1848, 
voL  i.  p.  405,  lign.  98,  fig.  3  (as  fig.  9  above). 

Cypris  granulosa,  Mantell,  Wonders,  7tii  edit.  (T.  R.  Jones), 
1857,  vol.  i.  p.  419,  lign.  104,  fig.  2. 

Cypris  granulosa,  Mantell,  Medals  of  Creation,  1844,  voL  iL 
p.  545,  lign.  119,  fig.  4 ;  and  2nd  edit.  1854,  vol.  iL  (T.  B.  Jcmes), 
p.  527,  Hgn.  174,  fig.  4. 

Cypris  fasciculata,  Forbes,  MS.  July  18, 1851,  &  MS.  July  23, 1854. 

Cypris  fasciculata,  Forbes,  in  Lyell's  Manual  £lem.  (JeoL  5th 
edit.  1855,  p.  295,  figs.  337  ft;  Elements  of  Geology,  6th  edit. 
1865,  p.  378,  figs.  371  6. 

Cypridea  granulosa,  Morris,  1854,  Catal.  Brit.  Foss.  p.  104 
(omitting  Bunker's  synonym  and  the  reference  to  WeaMm). 
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Cypridea  granulosa  and  C.  fasciculata^  H.  Woodward,  Catal.  Foes. 
Crost.  1877,  p.  88. 

Cypridea  verrucosa  (var.),  Jones,  Geol.  Mag.  dec.  2,  vol.  v.  1878, 
p.  108,  pi.  3.  fig.  6. 

Length  1  mm. 

Suboblong  or  broadly  oborate ;  anterior  end  obliquely  and  boldly 
rounded,  posterior  somewhat    narrower  and  nearly  semicircnlar ; 
hinge-line    slightly  oblique,  having    the    front  hinge-joint  at  an 
obtuse  angle.      Beak  and  notch    not    always  strongly  developed. 
Contact-margins  flanged   and  furrowed,  nearly  continuously,  and 
subject  to  difference  of  intensity  in  individuals.      Edge-view  of 
carapace  narrow-ovate ;  end-view  oval.     The  surface  punctate,  and 
also  granulated.     The  pitting  consists  of  either  subcircular  pits,  as 
on  a  thimble,  or  minute  suboblong  pits,  almost  forming  a  reticulate 
pattern.     In  no  cases  that  I  have  seen  are  the  granules  distributed 
over  aU  the  surface,  the  median  region  always  having  fewer  (as  in 
Sowerby's  figure  4,  pi.  21,  in  Fitton's  Memoir),  and  often  none  (see 
PL  VIII.  fig.  18).    The  granules  are  always  grouped  in  two  sets  or 
fascicules,  one  on  the  anterior  and  one  on  the  posterior  third  of 
each  valve;  hence  the  appropriate  name  "/cwcicutoa"  given  by 
E.  Forbes  to  this  dominant  Mid-Furbeck  species.     The  number  of 
granules  in  these  local  groups    is  variable,    as  above  intimated. 
Sowerby's  type-figure  has  many  granules,  some  coming  near  to  the 
middle   of  the  valve;    other  specimens  collected  by  Fitton,   and 
labelled  with  Sowerby's  name,  have  very  few  granules.     There  is 
no  line  to  be  drawn,  so  far  as  essential  characters  are  concerned, 
between   the   multigranulate    and    paucigranulate    modifications ; 
but  it  will  be  convenient  to  recognize  the  varieties.     In  the  Mid- 
Purbeck  beds  of  Durlston  Bay  both  abound,  and  at  Teffont  (No. 
38),  the  multigranulate  forms  predominate.     At  Dashlet  (also  in 
the  Vale  of  Wardour),  and  at  Whitchurch,  in  Bucks,  the  pauci- 
granulate variety   occurs  plentifully  (figs.  8-20).      In  specimens 
(M.P.G.Xb|)  from  the  Mid-Purbeck  of  Durlston  Bay  the  valves 
are  mostly  paucigranulate ;  one,  at  least,  has  the  hinder  fascicule 
obsolescent.    They  have  a  coarsely  punctate  or  subreticulate  surface. 
Some  strong,  squarish,  convex  individuals  from  Dashlet  have  very 
few  tubercles,  only  five,  or  even  four,  in  the  fascicules ;  and  the 
punctation  takes  on  a  partially  regular  pattern,  the  pits  on  the 
anterior  half  of  the  valve  being  oblong  and  even  elongate,  curving 
round  in  front  and  radiating  backwards  for  a  little  way  from  the 
anterior  group  of  five  granules.    Even  without  regarding  the  modified 
punctation,  these  specimens  may  be  looked  on  as  a  variety,  pauci- 
granulata ;  whilst  the  ordinary  multigranulate  forms  divide  them- 
selves into  the  common  variety  fasciculata  (Forbes),  and  the  rarer 
and   earliest  named  granulosa  of  Sowerby  with   the  granulation 
covering  almost  the  whole  surface.    The  xxossie  fasciculata  has  been, 
and  still  continues  to  be,  convenient  for  general  use. 

C,  granulosa  (Sow.  in  Fitton,  pi.  21,  fig.  4,  of  Pitton's  Memoir), 
is  decidedly  the  fasciculata  of  E.  Forbes,  and  its  localities  are  there 
given  (p-  260)  thus: — "Between   Dallard's  Farm  and   Catharine 
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Ford,  with  Cydas  in  slaty  Purbeck  stone ;  also,  with  Cydas  and 
Modiolaj  in  grey  freshwater  limestone.  Dashlet,  between  Pent- 
hurst  and  Teffont." 

In  two  multigranulato  specimens  from  Teffont  (No.  83)  the  "  hdd 
spots"  ('•muscle-spots")  are  visible,  consisting  of  six  suboblong 
marks,  three  in  a  short,  slightly  curyed,  transverse  row,  one  lying 
behind  and  across  them,  and  two  others  separate,  at  a  little  distance 
from  the  ends  of  the  aforesaid  row. 

This  species  is  highly  characteristic  of  the  Middle-Purbeck  beds, 
both  by  its  abundance  and  by  its  being  peculiar  to  that  division  of 
the  series. 

Some  forms  of  Cypridea  verrucosa^  Jones,  1878,  were  separated 
from  C,  granulosa  (8ow.)  on  account  of  the  supposed  absence  of 
the  beak  and  notch  in  the  latter ;  but  one  of  these  (fig.  6,  pL  iii., 
Geol.  Mag.  1878)  is  evidently  the  same  as  the  grantdom  (molti- 
granulate)  we  have  before  us,  and  now  know  to  have  the  notch. 

This  essentially  Mid-Purbeck  species  certainly  occurs  in  the 
Cypridif erous  shales  of  Obemkirchen,  Cassel,  North  Oermany  (speci- 
mens in  the  British  Museum),  although  it  is  not  described  nor 
figured  by  Eomer  and  Dunker.  It  is  of  much  interest,  as  support- 
ing the  late  Dr.  W.  Bunker's  opinion  that  the  Hanoverian  shales 
are  of  Purb€ck  and  not  of  Wealdm  age. 

6.  Cypkidea  tubbbotjlata  (Sowerby);  and  var.  adjitkota,  nov.   (PI. 
VIII.  figs.  22,  23,  24.) 

Cypris  tubereulqta,  J.  De  C.  Sow.,  in  Eitton's  Memoir,  Trans. 
Gool.  Soo.  ser.  2,  vol.  iv.  1836,  pp.  177,  205,  228,  345,  352,  pL  21, 
fig.  2  (including  another  form,  indicated  in  the  description  at  p.  345, 
and  subsequently  separated  off  as  Cypris  FiUoni  by  Mantell). 

Cypris  tuberculata,  Lyell,  Elements  of  Geology,  1838,  p.  348, 
fig.  186  (after  Sowerby);  2nd  edit.  1841,  vol.  i.  p.  417,  fig.  202; 
Manual  of  Elementary  Geology,  3rd  edit.  1851,  and  4th  edit 
1852,  have  the  same  woodcuts  as  the  foregoing ;  5th  edit.  1855, 
p.  294,  fig.  3346  (after  E.  Forbes) ;  6th  edit  1865,  p.  378,  fig. 
368  6. 

Cypris  tuberculata.  Homer,  Verst.  nordd.  Ool.  1839,  p.  52,  pL  20. 
fig.  23. 

Cypris  tuberculata,  Mantell,  Medals  of  Creation,  Ist  edit 
1844,  vol.  ii.  p.  545,  lign.  1819,  figs.  3,  3a ;  2nd  edit  (JonesX 
1854,  voL  ii.  p.  527,  lign.  174,  figs.  3,  3a  (fig.  2  is  (7.  FUttmi, 
Mantell,  in  both  cases). 

Cypris  ivherculata  ?,  Dunker  Monogr.  nordd.  Weald.  1846,  p.  60, 
pL  13.  fig.  30. 

Cypris  spinosa,  Forbes,  MS.,  July  18,  1851;  C  ivbertMlaiaJ^ 
MS.,  July  23, 1854. 

Cyprtdea  tuberculata,  Morris,  CataL  Brit.  Foss.  2nd  edit.  1854, 
p.  104. 

Cypridea  tuberculata,  H.  Woodward,  CataL  Brit  Foss.  Cmst 
1877,  p.  89. 

Length  |  milUm. 
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This  is  one  of  the  suboblong  forms  of  the  genus,  slightly  broader 
(higher)  in  front  than  behind,  and  more  boldly  and  obliquely  curved 
anteriorly  than  posteriorly  ;  the  dorsal  and  ventral  margins  nearly 
parallel;  the  notch  often  strong,  but  sometimes  obscured  by 
tubercles ;  the  contact-margins  are  much  like  those  of  C,  granulosa 
(fig.  21)  ;  the  beak  sometimes  almost  obsolete,  but  traceable.  The 
surface  is  punctate,  with  coarse,  subcircular,  dose-set  pits,  giving 
an  appearance  like  that  of  a  thimble-top  ;  it  also  bears  numerous, 
large,  scattered  tubercles,  somewhat  variable  in  their  strength  and 
position;  occasionally  long,  thick,  and  blunt,  as  noticed  in  E. 
Forbes's  letter  to  Mr.  Bristow,  see  above,  p.  314,  where  he  terms 
it  '*  C.  9pino$a.^*  Specimen  Xb^,  Mus.  Pract.  GeoL,  shows  an  in- 
dividual of  this  kind,  with  long  thick  tubercles ;  it  is  strongly 
beaked,  much  more  so  than  our  fig.  22,  PL  YIII.  In  fact  this 
specimen  is  rather  longer  than  the  typical  form,  and  is  less  strongly 
beaked ;  and  it  ought  to  be  regarded  as  a  variety,  adjfuncta. 

Edge-view  long-ovate  ;  end-view  short-ovate  (figs.  23  and  24). 

The  coarse  tubercles  remind  us  of  a  similar  feature  in  Cytheridea 
torosa  (Jones);  but  in  the  latter  they  are  fewer  and  relatively 
larger,  and  the  hingement  of  the  valves  is  different. 

C.  tuherculaixi  is  not  common.  It  comes  from  the  Mid-Purbeck 
of  Durlston  Bay  (Xb|,  M.  P.  G.)  ;  and  from  the  Upper  Purbeok  of 
Mewps  Bay  (specimen  no.  27,  fig.  22,  PL  VIII.),  and  of  Bacon  Hole 
(specimen  in  the  British  Museum,  and  Xb^ ,  M.  P.  G.).  This  last  is 
like  the  Wealden  specimens  figured  in  Eitton's  Memoir,  which  are 
strictly  Wealden,  but  do  not  occur  nearly  so  frequently  as  Cythere 
Ftttoni  (Mantell),  which  was  figured  with  them  in  fig.  2,  pi.  21,  of 
Fitton's  Memoir,  and  has  been  often  mistaken  for  O.  tuberculaia. 

The  Purbeck  form  (var.  adjuncta)  occurs  also,  I  believe,  in  the 
Wealden  beds,  Ecdeston  Glen,  Hastings.  The  Wealden  species  I 
hope  to  treat  in  full  at  a  future  opportunity. 

Edmer,  1839,  evidently  had  G.  tvhereulata,  Sow.,  in  the  black 
Cypridiferous  Shales  of  North  Germany,  and  Dunker,  in  1846, 
repeats  the  observation ;  but  his  figure  is  very  doubtfoL 

II.  Genus  Ctpbioke,  gen.  nov. 

Animal  vnknown.  Carapace  bivalved;  subcylindrical ;  right 
valve  rather  larger  than  the  other;  contact-margins  ridged  and 
farrowed  almost  continuously,  but  the  flanges  and  corresponding 
ledges  run  doser  together  in  some  specimens  than  in  others.  Hinge- 
line  along  the  slightly  convex  back-edge  not  specially  defined. 
Valves  smooth,  elongate-oblong,  with  rounded  ends,  in  the  only 
species  yet  recognized. 

The  structure  of  the  contact-margins  of  these  valves  is  not 
essentially  different  from  that  in  Cypridea,  except  that  the  latter 
has  its  characteristic  antero-ventral  notch.  Oypridea,  moreover, 
has  xnuch  coarser  and  thicker  valves,  and  always  differs  in  shape. 

The  outlines  of  the  carapace  under  notice  approach  those  of  Dar- 
wintdla ;  but  in  the  latter  the  valves  meet  with  simple  edges  and 
considerable  overlap ;  and,  as  no  other  genus  among  the  Ostracoda 

2b  2 
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is  characterized  by  this  elongate  and  slightlj  tapering  oblong  shape, 
it  seems  advisable  to  take  this  feature  and  the  contact-maigins  tf 
giving  the  leading  characters  for  a  separate  genus  Cyprione, 

7.  Ctprione  Bristovh,  sp.  nov.     (PI.  VIII.  figs.  27-29,  and  32,  im- 
mature.) 

Length,  adult  1  miUim. ;  immature,  |  millim. 

Valves  suboblong,  elongate,  with  rounded  ends,  the  anterior 
rather  narrower  than  the  other.  The  ventral  somewhat  straighter 
than  the  dorsal  edge.  The  valves  meet  with  slight  ridges  and  fur- 
rows. The  right  valve  overlaps  the  other  nearly  ail  round,  although 
the  figs.  28  and  29,  being  taken  from  odd  valves,  do  not  give  this 
impression. 

This  may  be  the  larger  form,  of  a  peapod-shape,  which  E.  Forbes 
referred  to  in  his  letter  (to  Mr.  Bristow)  of  July  18, 1851  (see  p.  314). 
I  name  it  after  Mr.  Bristow,  F.R.8.,  F.G.8.,  Director  of  the  GeoL 
Surv.  of  England,  who  worked  so  long  and  ardently  on  the  Purbeck 
strata  with  his  friend  E.  Forbes. 

Cyprione  Bristovii  is  met  with  in  the  Upper  Purbeck  (specimens 
— 40,  40  A,  40  AA,  Durlston  Bay ;  27,  Mewps  Bay,  young  form, 
fig.  32,  PI.  Vin.);  and  in  the  Mid-Purbeck  (44  and  66,  57,58, 
Durlston  Bay). 

It  occurs  in  the  Wealden  Beds,  at  the  Black-Horse  Quarry,  near 
Hastings,  and  also  near  Bexhill,  and  at  Lindfield. 

In  Germany  it  is  found  at  Obemkirchen  and  the  Deister,  ss 
shown  by  specimens  in  the  British  Museum.  The  "  Cypris  Manga  " 
of  Homer  and  Dunker  may  possibly  have  been  intend^  for  this  and 
D.  legumineUa  (see  above,  p.  319)  ;  but  the  figures  and  descriptions 
are  obscure  and  contradictory.  Certainly  fig.  34,  pi.  5,  Monogr. 
Foss.  Esth.,  Appendix,  p.  128,  may  be  a  near  ally  of  (7.  Bristovii; 
but  it  best  agrees  with  Romer's  description  of  his  C,  obhnya,  thoo^ 
not  with  his  figure.  The  latter  is  too  much  arched  on  the  back  for 
C.  Bristovii,  and  should  be  regarded  as  Cyprione*^  oblonya  (Eomer). 

in.  Genus  Mbtactpris,  G.  S.  Brady,  1870. 

MetacypriSy  G.  S.  Brady,  Nature,  March  10,  1870,  p.  484. 

Metacypris,  G.  S.  Brady  and  Eobertson,  Ann.  &  Mag.  Nat  Hisi 
ser.  4,  vol.  vi.  July  1870,  pp.  19,  20 ;  Ibid.  vol.  ix.  1872,  p.  51 ; 
and  Monogr.  Post- tertiary  Entom.,  Pal.  Soc.  1874,  pp.  1L2  and 
116. 

Valves  subrhomboidal  or  suboblong,  very  convex ;  rounded  before 
and  behind,  but  unequally  and  somewhat  obliquely ;  rather  narrower 
and  compressed  in  front ;  dorsal  and  ventral  margins  nearly  parallel, 
but  the  latter  turned  inwards,  or  pressed  in  along  the  hinder  half  of 
its  length,  so  that  the  body  of  each  valve  swells  out  beyond  it 
Hinge-line  distinct,  with  thin  flanges  and  narrow  furrows ;  but  our 
fossils  do  not  show  the  details  so  well  as  the  recent  specimens  of 
if.  cordata,  Ann.  &  Mag.  N.  H.  1870,  pL  6.  The  right  valve  is  larger 
than  the  left.    The  surface  is  pitted  in  lines. 
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Only  one  recent  species  is  known  (see  above);  found  in  tidal 
rivers  in  the  East  of  England.  This  genus  was  at  first  placed  with 
the  Cypridae  with  doubt,  but  afterwjurds  referred  more  certainly  to 
the  Cytheridaet. 

8.  Metaotpbis  FoRBBsn,  and  var.  vebbucosa,  sp.  et  var.  nov.     (PI. 
Vin.  figs.  11-16.) 

Cypris  striato-punctata,  Forbes  (non  Romer  et  Dunker),  MS. 
July  18,  1851 ;  MS.  July  23,  1854 ;  Lyell's  Manual  Elem.  Geol. 
6th  edit.  1855,  p.  295,  fig.  337a ;  Elem.  6th  edit.  1865,  p.  378, 
fig.  371a. 

Cypris  striaUhpimctaia^  Huxley  and  Etheridge,  Catal.  Coll.  Foss. 
Mus.  P.  Geol.  1865,  p.  254. 

Cypridea  glriato-punctata^  H.  Woodward,  Cat.  Brit.  Foss.  Crust. 
1877,  p.  89. 

Figs.  11-14 :  length  |  miUim. ;  figs.  15  and  16,  |  millim. 

This  is  remarkably  like  M.  cordata,  G.  8.  Brady  (Nature,  I.  c), 
above  referred  to,  but  it  is  less  convex,  and  is  longer  in  proportion 
to  breadth  (height);  and  it  shows  a  strong  tendency  to  become 
tabercled.  The  ornamental  pitting  may  be  described  in  Dr.  Brady's 
words : — "  Surface  of  the  valves  closely  set  with  small  rounded  im- 
pressions, which  are  arranged  in  longitudinal  rows,  running  on  the 
ventral  surface  into  interrupted  furrows ;  ventral  surface  deeply  and 
broadly  sulcate  along  the  greater  part  of  the  median  line.''  We 
may  add  that  the  lines  of  dots,  in  both  cases  (recent  and  fossil) 
curve  round  on  the  front  third  of  the  valve,  and  in  the  fossil  speci- 
mens they  have  a  slight  local  swelling  or  a  tubercle  for  their  centre. 
The  linear  ornament  curves  round  also  (but  less  distinctly)  behind, 
parallel  with  the  posterior  border.  Edge-view,  subovate  or  bluntly 
pyriform.    End-view  short,  broad,  ovate. 

As  E.  Forbes  seems  to  have  referred  this  species  (sufficiently  well 
indicated  in  his  letter  to  Mr.  Bristow,  see  above,  p.  314)  erroneously 
to  Homer's  species,  and  as  the  surface  character  in  both  the  recent 
and  this  fossil  species  is  striato-punctate,  I  do  not  hesitate  to  give  it 
a  new  name,  dedicating  it  to  the  memory  of  the  much-lamented 
paLseontologist  and  geologist  who  worked  out  the  three  main  divisions 
of  the  Purbeck  series,  as  characterized  by  the  fossils,  among  which 
especially  were  Ostracoda  treated  of  in  this  paper.  Prof.  Dunker 
agreed  with  me  in  regarding  this  species  as  quite  distinct  from 
Cypridea  striata-pwnctoUa  (Edmer),  which  may,  I  think,  be  possibly 
a  variety  of,  or  near  ally  to,  C.  valdensis  or  G,  punctata. 

8*.  M.  FoKBBsn,  var.  vebbucosa.    (Figs.  12  and  14.) 

Here  we  have  the  tendency  towards  tuberculation  carried  to  the 
fall,  that  is,  as  far  as  yet  observed;  and  the  individuals  are  not 


t  Uma^B  Bakrdia  glutaa,  from  the  Miocene  beds  of  Mairhof^  near  Orten- 
bor^y  m  Lower  Bavaria  ("  Die  Ostrakoden  der  Miooan-Sohichten/'  &c.  in  the 
« Neues  Jabrbach  f.  Min.'  &o.  1858,  p.  408,  pL  1.  fig.  6),  has  evidently  the  cha- 
racters of  thiB  genuB. 
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quite  so  nearly  oblong  in  outline,  being  somewhat  narrowed  in 
front 

Mctacypris  Forbmi  comes  from  Durlston  Bay  (specimens  Xb|, 
M.P.G.) ;  from  Eidgway  (Xb^,  M.P.G.),  and  No.  123A,  Ridgway, 
also  No.  61,  Mewps  Bay.    All  these  are  from  the  Middle  PurbecL 

IV.  Genus  Dabwinula. 

[Note  by  G.  8.  Bbadt,  M.D.,  F.R.8.,  F.L.8.,  and  D.  Robbrmok, 
F.L.8.,  F.G.S.,  June  12,  1885. 

"  Prof.  T.  Rupert  Jones  having  kindly  drawn  our  attention  to  the 
fact  that  the  generic  term  Darwinella  had  already  been  appropriated 
by  Fritz  Miiller,  in  1865,  for  a  genus  of  homy  sponges  (Schulie's 
Archiv  fiir  mikr.  Anat.  vol.  i.  p.  344),  and  DarwintUa  having  been 
suggested  as  appropriate,  we  are  glad  to  have  the  opportunity  of 
adopting  this  suggestion  and  substituting  the  latter  term."] 

Polycheles,  G.  8.  Brady,  Nature,  March  10, 1870,  p.  484. 

PolycheU$,  G.  8.  Brady  and  D.  Robertson,  1870,  Ann.  &  Mag. 
Nat.  Hist.  ser.  4,  vol.  vi.  July  1870,  p.  25. 

Darwinella^  Brady  and  Robertson,  1872,  Ann.  &  Mag.  Nat.  Hist 
ser.  4,  vol.  ix.  p.  50,  note ;  and  vol.  xiii.  1874,  p.  117 ;  and  Monogr. 
Post-tertiary  Entom.,  Pal.  Sec.  1874,  pp.  112,  140. 

Carapace  smooth,  subcylindrical,  elongate,  oblong-ovate,  or  sub- 
cuneate;  valves  thin  and  smootii,  unequal,  right  larger  than  the 
left  valve. 

Only  one  recent  species  (Z>.  Stevensoni^  B.  and  R.,  hoc,  cilt,)  is 
known.  It  belongs  to  the  brackish  waters  of  tidal  rivers.  This  or  a 
very  similar  species  has  been  found  in  the  Forest-bed  series  of 
Suffolk  by  Mr.  Clement  Reid,  F.G.8.,  of  the  Geological  Survey. 

9.  Dabwdhtla  LEGTXiaifBLLA,  Forbos.    (PI.  Vin.  figs.  30  and  31.) 

Oypris  ohlonga  (?),  Dunker,  Monogr.  nordd.  Weald.-Bild.  1846, 
p.  60,  pi.  13.  fig.  24. 

Cypris  legumindloides,  Forbes,  MS.  July  18,  1851. 

Cypris  hguminella,  Forbes,  MS.  July  23,  1854;  Forbes,  in 
Lyell's  Manual  of  Elem.  Geol.  5th  edit.  1855,  p.  294,  fig.  334  e  ; 
Elements  GeoL  6th  edit.  1865,  p.  378,  fig.  368  c. 

Cypridea  ohlonga  ?j  Jones,  Monogr.  Fobs.  Esther.  1862,  p.  128, 
pi.  5.  fig.  31  (and  33?). 

Cypridea  teguminella,  H.  Woodward,  Cat.  Brit.  Foss.  CmsL 
1877,  p.  89. 

Length  j  millim. 

Valves  small,  smooth,  shining,  elongate,  with  rounded  ends,  one 
(anterior)  narrower,  more  elliptically  curved,  and  more  comprewed 
than  the  other ;  the  left  valve  the  largest.  Carapace  subcylindrical, 
tapering  anteriorly,  blunter  behind. 

This  is  very  much  like  the  Carboniferous  Darmnvla  hemieiana^ 
Jones,  *  Proceed.  Berwicksh.  Nat.  dub,'  voL  x.  1884,  p.  325,  pL  2, 
fig.  4 ;  but  it  is  not  so  truncate  posteriorly,  and  is  slightly  mora 
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aotuninate  in  front.  It  still  more  closely  resembles  the  recent 
D,  Sievensonii,  B.  C.  and  E. ;  and  it  is  possibly  identical  with  fig.  31 , 
pi.  5,  of  my  'Monogr.  Foss.  Estheriae/  1862,  Appendix,  p.  128, 
though  a  little  smaller.  This  last  is  a  small  valve  from  the  Wealden 
of  Obemkirchen,  Caasel,  near  Hanover,  and  was  very  superficially 
described,  together  with  other  associated  fossil  valves,  in  the  Ap- 
pendix referred  to.  In  1878  (Geol.  Mag.  dec.  2,  vol.  v.  p.  107)  I 
made  some  remarks  on  these  specimens.  Fig.  80  is  probably  a 
Oandana ;  fig.  31  a  Darunnula  *  (see  above) ;  fig.  32  is  obscure ;  fig. 
33  may  be  an  impaired  specimen  of  Darwinula  (?) ;  and  fig.  34  may 
be  Cyprione  ?  oblonga  (Romer). 

D,  legumineUa  (E.  Forbes)  has  been  found  in  the  following  Upper- 
Purbeck  specimens,  397  A  and  397  B,  Durlston  Bay ;  Xb4  and  Brit. 
Mus.  Bacon  Hole ;  61,  377,  and  378,  Mewps  Bay.  In  Middle 
Purbeok  Xb^  &  Xb|,  Ihirlston  Bay,  and  123  A,  Eidgway. 

It  occurs  also  in  the  Wealden  Beds,  near  Atherfield,  Sandown, 
Hastings,  Hythe,  &c.     See  pp.  333,  334. 

2>.  legumineUa  abounds  in  some  of  the  Hanoverian  black  Cypri- 
diferons  Shales  from  Obemkirchen  and  the  Deister.  Some  specimens 
are  in  the  British  Museum.  Although  the  description  and  figures 
of  Cypris  oblonga  given  by  Eomer  and  Dunker  do  not  fit  this 
species,  yet  it  is  possible  that  they  were  intended  to  cover  both  it 
and  Cyprione  Bristovti ;  C,  oblonga  (Eomer),  however,  may  be  di- 
stinct. At  all  events  Dunker's  ^g,  24  well  suits  a  piece  of  shale 
loaded  with  little  Darwinulce,  The  species  is  figured  in  my  *  Monogr. 
Foss.  Esth.'  I,  c.  from  Obemkirchen,  Hanover ;  ^g.  31  is  fairly  good, 
and  fig.  33  may  be  imperfect  or  partly  imbedded. 

V.  Genus  Ctpkis,  Miiller,  1785. 

(See  the  memoirs  on  recent  Ostracoda,  by  0.  S.  Brady  and  others, 
to  whom  he  refers,  for  general  and  special  descriptions.) 

Valves  subreniform  or  suboblong,  thin,  smooth,  pitted  or  bristly ; 
hinge  simple,  or  with  narrow  furrows  or  flanges  and  slight  ridges. 
The  interiors  of  the  front  and  hind  margins  are  bevelled,  and  are 
sometimes  continued  into  a  more  or  less  developed,  narrow,  laminar, 
oblique  plate.     Left  valve  the  largest. 

10.  Ctpms  PTTBBBOKSirsis,  Forbos.    (PI.  IX.  figs.  1-6.) 

CyprU  purbeckennsy  Forbes,  MS.  July  18,  1851  ;  MS.  July  23, 
1864. 

Cypris  purheckensis,  Forbes,  in  Lyell's  Manual  Elem.  Geol. 
6th  edit.  1855,  p.  297,  fig.  339a;  Elem.  Geol.  6th  edit.  1865, 
p.  387,  fig.  375a. 

Cypi'ia  purbeckemis,  Huxley  and  Etheridge,  Catal.  Coll.  Fo?s. 
Mus.  P.  Geol.  1865,  p.  254. 

Cypris  purbeekensis,  P.  do  Loriol  et  Jaccard,  M6m,  Soc.  Phys. 
Hist.  Nat.  Geneve,  vol.  xviii.  part  i.  1866,  pp.  81, 82,  pi.  2.  figs.  1-3. 

*  Figs.  23  and  24  in  the  same  plate  {Candona?  globosa^  from  Linksfield) 
inaT  represent  a  Darwinula  also ;  for  its  lucid  spot,  of  which  I  have  drawings, 
is  that  of  Darwinula, 
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Cypridea  i^urbeckensi^,  H.  Woodward,  Catal.  Brit.  Foss.  Crust 
1877,  p.  89. 

Gypris^  purbeckensUf  Jones,  Proceed.  Geol.  Assoc.  voL  tKL 
1883,  pp.  57,  58. 

Length  |  mm.  figs.  3-5 ;  1  mm.  figs.  4  &  6 ;  1|  mm.  fig.  1 ; 
1^  mm.  fig.  2. 

Valves  subreniform,  arched  on  the  back;  nearly  straight,  or 
somewhat  incurved,  on  the  ventral  edge;  rounded  at  the  ends, 
broadly  and  obliquely  in  front.  Edge-view  acute-ovaL  Surface 
smooth.  Contact-margins  simple.  Insides  of  front  and  hind 
margins  are  sometimes  more  bevelled  than  in  fig.  1. 

The  size  and  shape  are  both  rather  variable  (compare  figs.  1-6, 
PL  IX).  An  exceptionally  broad  (high )  left  valve,  with  a  remarkable 
sharp  tubercle  (local  hypertrophy  ?)  on  the  postero-dorsal  edges,  ib 
shown  by  ^g,  6.  Figs.  3  and  5  are  smaller  reniform  individuals.  Age 
and  sex  probably  determined  these  differences  of  size  and  shape. 

A  broken  valve  from  the  Post-tertiary  freshwater  beds  at  Copford, 
Essex,  is  figured  (hind  end  upwards)  in  my  *  Monograph  Ihitom. 
Tcrt.  Form.*  1856,  pi.  1,  fig.  5a,  which  closely  approximates  in 
form  to  ^g.  1  of  PI.  IX.  here.  It  is  the  variety  tumida,  B.C.  audR., 
of  Candona  caiidida.  Cypria  virens  (Jurine),  known  also  as 
C.  tristriataf  Baird,  is  a  recent  form  of  very  similar  make,  and  in 
G.  8.  Brady's  "  Monogr.  Rec.  Brit.  Ostrac,"  Trans.  Linn.  Soc.  voL 
xxvi.  pi.  23.  figs.  23-26,  it  is  figured  with  the  little  gape  seen  also  in 
our  fig.  4,  PI.  IX. 

On  the  specimen  in  the  Mus.  Pract.  G^eol.,  X  B^,  probably  one 
of  the  early  slabs  seen  by  E.  Forbes,  there  are  the  two  somewhat 
differing  forms,  namely,  the  reniform  and  the  subreniform.  They 
have  all  been  weathered,  and  one  side-surface  has  especially  been 
thus  modified,  so  as  to  account  for  the  flat  margin  in  the  figore 
given  by  Lyell,  and  in  one  of  those  in  Forbes's  two  letters.  This 
specimen  is  referred,  by  error  I  believe,  to  the  Middle  instead  of  to 
the  Lower  Purbeck  in  the  Museum  of  Practical  Greology  (see  above, 
p.  325  noU), 

VI.  Genus  Cakdona,  Baird,  1845. 

Valves  like  those  of  Cypris,  Difficult  to  be  distinguished  from 
that  genus  except  by  comparison  with  known  recent  forms,  the 
structure  of  the  soft  parts  supplying  the  critical  differences.  The 
general  aspect  of  the  Purbeck  specimens  here  selected  under  this 
head  reminds  us  of  Candonce  rather  than  of  Cyprides. 

11.  CiiTDONA  BOHONiBNSis  (correctod,  see  above,  p.  311),  Jones, 
(PL  IX.  figs.  7,  8.) 

Oythere  boloniensis,  Jones,  1882,  Bullet.  Soc.  Geol.  France,  ser.  o 
ToL  viii.  pp.  615,  616,  1883 ;  Proceed.  GeoL  Assoc  voL  viiL  p.  5g 

Length  1|  mm. 

Valves  suboblong,  almost  equally  rounded  at  the  ends,  constricted 
a  little  in  front  of  the  middle,  the  posterior  moiety  being  hi^er  and 
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more  convex  than  the  front  portion.  Edge-view  of  carapace  acute- 
ovate.  Left  valve  the  largest.  Oontact-margiDs  simple ;  the  nearly 
straight  dorsal  edge  has  the  front  hinge  indicated  by  a  sHght  angle 
and  a  faint  impression  behind  it  outside. 

12.  Casdona  awsata,  sp.  nov.     (PL  IX.  figs.  9-12.) 

Length  |  mm.  to  §  mm. 

Valves  suboblong,  obliquely  rounded  at  each  end,  the  slopes  being 
antero-  and  postero-dorsal.  Back  straight;  ventral  edge  slightly 
concave,  with  its  edge  turned  in  at  the  middle  and  swelliug  out  at 
the  posterior  third,  so  as  to  form  a  strong  projection,  almost  like 
the  short,  blunt  handle  of  a  crock  (but  upside-down).  The  surface 
is  smooth ;  but  in  some  cases  the  inside  of  the  valve  is  pitted  (by 
the  decay  of  tubules  ?),  and  the  bevelled  translucent  insides  of  the 
front  and  hind  margins  show  radiating  tubules  (fig.  9).  Lucid 
spots  are  visible  in  figs.  9-12,  somewhat  resembling  those  in 
Oyiheridea,  Edge-view  of  the  carapace  suboval.  Left  valve  the 
largest.  The  contact-margins  are  simple ;  terminal  edges  bevelled 
inside ;  hinge-line  distinct,  with  a  faint  angle  in  front  (not  strong 
enough  in  fig.  9),  and  a  slight  impression  behind  it  on  the  outside. 

The  '^  ludd  spots "  are  visible  in  a  specimen  from  Hartwell 
(No.  269). 

They  form  a  pattern  of  six  ;  four  transverse,  parallel,  in  a  curve 
(convex  backwards),  and  two  in  front,  one  near  each  end  of  the  lower 
row. 

VII.  Genus  Ctthekb,  Miiller,  1785. 

Carapace  of  two  nearly  equal  valves,  suboblong,  subrhomboidal, 
or  subtriangular,  thick,  ornamented  with  pits,  reticulation,  riblets, 
and  tubercles.  Left  valve  usually  rather  larger  than  the  right. 
Inside  of  the  front  edges  in  each  valve  bevelled  off  inwards.  Hinge, 
for  the  most  part,  a  barlike  ridge  on  the  left  valve,  ending  in  front 
with  a  tooth  and  a  socket  beyond,  and  ending  behind  at  the  socket 
which  receives  the  tooth  at  the  end  of  the  furrow  on  the  right  valve 
behind  the  anterior  teoth  which  falls  inte  the  front  socket  of  the 
left  valve.  So  that,  typically,  the  left  valve  has  a  bar  and  front 
tooth,  and  a  socket  at  each  end;  whilst  the  right  valve  has  a 
corresponding  sidcus  and  socket  and  a  tooth  at  each  end,  besides  a 
thin  outer  ledge  or  fiange  te  fall  into  a  furrow  along  the  outer 
convexity  of  the  wider  left  valve.  Some  of  these  features  are  often 
modified  or  obsolete.  See  examples  in  the  Monogr.  Tert.  Entem., 
PaL  Soc.  1856.  Por  the  relationship  of  recent  species,  as  based  on 
the  soft  parts,  see  the  memoirs  by  Sars  and  Brady  on  Ostracoda — for 
instenoe,  G.  S.  Brady's  "  Report  on  the  Ostracoda  dredged  by 
H.M.8.  *  Challenger,'"  &c  .'ZooL  Chall.  Exped.'  pt.  3,  1880, 
pp.  61-62. 

13.  Cythrbb  transibns,  sp.  nov.    (PL  EX.  figs.  13-16.) 

Length  |  mm. 

Valves  subtriangular,  or  somewhat  pear-shaped,  rounded  at  ends, 
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high  on  the  back  at  the  anterior  third,  where  the  front  hinge 
somewhat  projects.  Edge-view  blunt,  compressed  OTal.  Sur&ce 
coarsely  pitted  with  a  rough  reticulation.  Ventral  edge  much 
incurved. 

Found  at  Swindon  (specimen  no.  364),  in  Purbeck  beds,  by  the 
Rev.  Prof.  J.  F.  Blake,  F.G.8.,  after  whom  it  was  at  first  named 
(when  this  paper  was  read) ;  but  another  Cy there  had  already  been 
assigned  to  him.  C.  tratmens  occurs  also  in  a  soft,  white  Portland 
stone  from  Brill. 


14.  Cttherb  rbtibugata,  sp.  nov.     (PI.  IX.  figs.  17-24,  indadisg 
var.  rugulata,  figs.  17-20 ;  and  var.  textilis,  fig.  24.) 

Length  usually  j  mm.,  fig,  19,  ^  mm. 

Suboblong,  with  oblique  ends,  sloping  from  the  front  and  hinder 
ends  of  the  hinge-line,  which  is  straight,  and  oblique  to  the  l<mg 
axis  of  the  valve.  Ventral  border  slightly  sinuous,  and  much 
incurved  at  its  edge.  Edge-view  oval,  slightly  acute.  Surface  pitted 
over  two  thirds  of  its  area,  and  wrinkled  or  finely  oostulate  along 
the  ventral  region ;  the  pit«  in  fig.  17  (var.  rugulata)  are  wide  apart 
and  roundish;  in  other  specimens  (fig.  21)  they  take  a  rough 
reticulate  pattern  (retirugata) ;  and  in  others  (fig.  24)  the  reiaonlation 
is  delicate  (var.  teartilis),  the  meshes  are  open,  with  thin  walls,  and 
become  regular  and  rectangular  on  the  ventral  region,  where  the 
longitudinal  mesh- walls  represent  the  riblets  of  other  specimens. 

At  first  I  was  inclined  to  separate  figs.  17-20  off  from  the  others 
as  a  distinct  form  (C,  rugidata) ;  but  the  gradation  to  fig.  21  is 
evident,  and  Dr.  G.  S.  Brady  has  suggested  that  it  may  be  the  male 
form;  nevertheless  it  will  be  convenient  to  keep  rugulata  as  a 
varietal  name.  The  pattern  of  fig.  24  is  the  same  as  that  of  the 
foregoing,  although  in  detail  the  reticulation  is  more  like  laoe-work, 
the  meshes  being  much  finer,  and  the  costulation  far  more  delicate. 
The  last  deserves  a  varietal  name,  teMilis, 

In  figs.  17-20  each  pit  seems  to  open  inwards  in  a  little  tube; 
and  each  mesh  in  figs.  21-23  has  two  or  more  of  such  litUe 
perforations. 

C7.  retirugata  (type)  was  found  in  specimen  no.  253  (figs.  21-23X 
from  Hartwell ;  and  no.  364  from  Swindon  (Prof.  Blake). 

C.  rugulata  in  four  specimens,  nos.  256  (figs.  17, 18),  258  (fig.  20X 
269  (fig.  19),  and  357,  all  from  Hartwell. 

C.  teaHilisy  also  from  Hartwell  (Barnard's  pit),  spedmen  no.  166 
(fig.  24),  and  from  Brill. 
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EXPLANATION  OF  PLATES  VIH.  &  DL 
(The  specimenfl  are  figured  with  the  front  ends  upwaidi.) 

platb  vm. 


Fig. 
1.  Qypridea  punctata  (Forbes),  var.  pos- 1  Middle       Purbeck ;  1 

<tca/M,  Jonee.    Oarapaoe,  side  view  j      Mewpe  Bay.  J 

2. .    Leftvalye ,f  n 

3. .    Carapace,  edge  view  „  „ 

4.  CwHdea  punctata  (Forbes).      Left \  Upper         Purbeck;! 

▼alve,  inside   J      Durlston  Bay.         J 

5. .    Bight  valve,  inside  „  t> 

6.  Ctfpridca  punctata  (Forbes),  var.  pea-  \  Mid-Purbeck ;  Bidg- 1   332  (XB4),  a    20 

rtcafe,  Jones.    Bight  valve J      way.  J 

7. ,    var.   gUbhota   (Forbes). 

Leftvalvi  .fZT..... „  ..  382,  3  20 

8. ,  var.  oosftcoto,  Jones.    Left 

valve .C. »      ^   ^         382.4  20 

9.  Cypridea  Dunkeri,  Jones.    Carapace,  1  Middle        Purbeck ;  1       ^^^^  jg         26 

edge  view    J      MewpsBay.  i        ^,  .  mc 

10. .    Bight  valve  ^   „^    ^  h^.^     ^       61A,i7         25 

' """  '^  ''"''    "^"^  '         382, 8  30 


No.  of 

(diam.). 

61A,5 

26 

61  A,  6 
61A,a 

25 
25 

34,13 

30 

34,10 

30 

30 


,,    ,^^  .  «.   1    ..  T  T  *.     1     /Mid-Purbeck;  Bidg-\ 

11.  Metaeyprta  Forbem,  Jones.   Left  valve  |  ^  | 

,    .  fMidSe        Purbeck;!  z,,   , 

12. .    Carapace,  end  view |     MewpsBay.  J  ^^»  ^ 

13. .    Left  valve  (rather  verru- 

cose)    ,.  »  61.6  30 

14. ,    var.    verrucosa,    Jones. 

Carapace,  dorsal  aspect    „  »i  61,  a  30 

16. .    0«».i«ce.Tentr.l«pect{M^^'^'';Eidg-J        6OA.4  30 

16.  ■ .    Bight  TalTe,  inside  „  ,.  123A,  $         30 


''• ''^  .'!rr:J.'!T.....:^l  ....  382..         .26 

18.  (h^rideagranvlo8a{iowXy9X,paiuc%'^ 

granuUUa,  Jones.    Left  valve 

19. .      Carapace,  ventral 

view 

20. .    Carapace,  end  view/ 

21. .     Bight  valve,  inside  „  „  229,i3  26 

22.  Cypridea    tuberculata    (Sow.\    var.  ^  '' 


Mid-Purbeck;  Whit- 
church? 


25 

25 

125 


er         Purbeck;  tvr  , 

ewps  Bay.  ^»  ^ 

Purbeck;  ^ 

urlston  Bay.  ^* 


25 
25 
25 

25 
25 


a4;uneiat  Jones.    Bight  valve... 

23. .    Carapace,  end  view 

24. .    Dorsal  e^ge  of  valve 

25.  Cypridea  ventrosa,  Jones.    Left  valve, 

ventral  aspect 

26.  — <-.    Outside  of  the  same  valve , 

27.  Qjprione  Bristovii,  Jones,    Left  valve  .,  „  40,  ii  30 

28. .    Inside  of  right  valve „  „  40AA,  i        30 

29. .    Inside  of  left  valve  „  „  40AA,  a        30 

30.  DarwimdaieyumineUa{FoTheB),    Left  1  Middle        Purbeck;!        ^^  oq 

valve    J      BdewpsBay.  J  ' 

Si. .    Edge  view  of  carapace...  „  „  61, 17  30 

32.  Cyprione  JBristom,  Jones.  Immature 


n  27,11  80 

Ifate. — ^The  small  numbers  indicate  the  individual  specimen  on  the  slide. 


Digitized  by  LjOOQ IC 


352 


PBOF.  T.  B.  J0NB8  OK  THE  O8TBA00DA 


Plate  IX. 


Fig. 
1. 

2. 

.  a 


Ko.or        fled 
Bpeoimea.   (diaB.X 


Oypria  fmrbeckensia,  Forbes.  Inside  1  Lower 
of  left  yalve    J 

.    Bi^ht  valre  

— — (remform  Tariety).     Left  1  Lower 

Talye    j 


Purbeck;  I 
Vale  of  Wardour.  J 


4. 
5. 

6. 

7. 

8. 
9. 

10. 

11. 
12. 
13. 

14. 
15. 
16. 
17. 

18. 
19. 
20. 
21. 
22. 
23. 
24. 


-^— .    Edge  view  of  carapace ...  i 


Left  Talve  . 


.    Eight  valTe  (thick) 


Purbeck 

HartwelL 
Lower         Pnrbeok 

Vale  of  Wardour. 
Lower         Purbeck 

Whitohuroh. 
Lower         Purbeck 

TeBfbnt. 
Lower         Purbeck 

HartwelL 


20 
20 
20 


r  Lower 

South  Oving- 


Purbeokn 


Candcma  bononiensis,  Jones.      Bight  | 

valve    J      HartwelL 

.    Edge  of  valve   

Candona  asMoia^  Jones.    Left  valve, 
inside  

,    Bight  valve    | 

.    Edge  view  of  valve  

.    Left  valve  „            „ 

Cythert  transiens,  Jones.    Left  valve,  1  Lower         Purbeck ; 

inside  j  Swindon. 

.    Bight  valve,  inside  „            „ 

.    Oarapaoe  ventral  view...  „            „ 

.    Left  valve 

Oythere  ntirugaia,  Jones,  var.  ruffu-  ^  Lower         Piurbeok ; 

lata,  Jones,    Left  valve    j  HartwelL 

.    Left  valve,  inside „ 

.   Carapace,  ventral  view ...  „ 

.    Bight  valve,  inside  „ 

Cythere  retirugaia,  Jones.    Left  valve  „ 

.      Carapace,  ventral  aspect  „ 

— .    Bight  valve,  inside  „ 

,  var.  texHUs,  Jones.    Bight 

valve    „ 


230,6 
230,1 
350,3 
230,1 
227,1 
'*Cunmngton,3''20 

353,1 
d53,a 


1 


20 
30 


20 
20 


ao 

30 

30 
30 


269,11 
363.3 

363,a 
363^ 
964,S 

864,9 
364.7 
364,1 

256,1 

256,4 
269,j 
258,6 
253,8 
253,1 
253,11 

166.1         30 


40 
40 
4D 

30 

30 
30 
30 
30 
30 
30 


DiBOUSSIOK. 

ProfL  Blake  thought  that  the  Purbeck  beds  of  Swindon  were  oon- 
temporaneoos  with  the  Portlandian  farther  south,  and  that  thit 
yiew  was  confirmed  by  the  mingling  of  marine  and  freshwater 
forms. 

Dr.  HiKDB  pointed  out  that  the  name  of  DarunneUa  had  been 
akeady  employed  by  Frits  Muller  for  a  genus  of  homy  sponges. 

Mr.  Whitaxbb  asked  for  further  information  as  to  the  species  of 
Ostracoda  being  characteristic  of  the  several  divisions  of  the 
Purbeck. 

Dr.  WooDWABD  pointed  out  the  necessity  of  indicating  the  donal 
and  ventral  aspects'*  of  all 'the  forms,  so  as  to  facilitate  their  corn- 
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parison  with  Hying  forms.   He  r^reited  the  number  of  names  which 
had  to  be  coined  for  the  subgenera  of  Cypris. 

The  Atjihob  said  that  DarwineUa  was  a  genus  founded  by  Brady, 
and  he  regretted  if  that  author  had  been  forestalled.  It  is  difficult 
at  times  to  distinguish  the  ends  in  fossil  Ostracoda,  and  it  is  not 
always  possible  to  distinguish  between  the  dorsal  and  ventral  sides ; 
but  in  these  Purbeck  forms  there  is  no  doubt  or  difficulty.  With 
respect  to  Swindon,  the  study  of  these  fossils  seems  to  confirm  the 
yiews  of  the  late  Mr.  Charles  Moore  and  Prof.  Morris. 
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30.   On  the  Tebtiabt  and  Oldeb  Pebidotites  of  Sgotlaitd.     By 

Prof.  JopK  W.  Jttdd,  F.R.8.,  Sec.  G.B.    (Read  February  11, 

1885.) 

[Plates  X.-XIIL] 
Ihtroduction. 
Part  I.— Thr  Tebtiart  Peridotites  and  Allied  Bocks. 

§  1.  Belations  of  these  Rocks  to  the  other  EruptiTe  Maaset  of  the 

Western  Isles  of  Scotland. 
§  2.  Microscopic  Structures  of  the  Rooks. 
1 3.  Minerals  of  which  the  Rocks  are  built  up. 
§  4.  The  Changes  which  these  Minerals  hare  undergone  at  great  depths 

from  the  surface. 
§  5.  Nature  and  Origin  of  the  Ohan|;es  which  have  taken  plaoe  in  the 

Minerals  of  deep-seated  Plutonic  Rocks  ("  Schillerization ''). 
§  6.  The  Agency  by  which  the  Schillerization  of  Minerals  hat  been  pro- 
duced. 
§7.  Varieties  of  the  Tertiary  Ultra-basic  Rocks. 
Part  II.— The  Pal^bozoic  Peridotites  and  Allied  Rocks. 

1 1.  Alteration  of  the  Minerals  in  the  Palieozoic  Peridotites. 

1 2.  Varieties  of  the  Palaeozoic  Peridotites. 

§3.  The  Scyelite  (altered  mica-homblende-picrite)  of  Oaitfaneaa. 
Summary  of  Results. 

Ihtbobxtciiov. 

Those  rocks  which  contain  an  excessive  proportion  of  the  bases, 
especially  magnesia  and  ferrons  oxide,  and  are  therefore  composed 
largely  of  nnisilicates,  may  be  conveniently  classed  as  uUra-basie 
rocks.  Such  rocks  constitute  a  small  but  highly  interesting  group, 
which  is  characterized  as  follows : — They  have  a  very  low  percentage 
of  silica,  ranging  generally  from  35  to  45,  with  a  high  specific 
gravity,  varying  from  3  to  4 ;  while  the  ferro-magnedan  silicates, 
olivine  and  enstatite,  enter  largely  into  their  constitution.  Felspar 
is  often  altogether  absent  from  these  rocks,  and^  when  present, 
appears  to  be  always  represented  by  the  basic  species  anortiiite,  or 
one  approaching  in  composition  to  that  type. 

Many  of  these  ultra>basic  rocks  may  be  very  conveniently  grouped, 
as  Professor  Bosenbusch  proposes,  under  the  name  of  ''  peridotites ;" 
rocks,  that  is,  in  which  the  unisilicate,  olivine,  forms  the  prevailing 
constituent. 

There  are  other  ultra>basic  rocks,  however,  which  contain  a  con- 
siderable proportion  of  the  bisilicates,  and  these  form  a  link  between 
true  peridotites  and  the  ordinary  basic  rocks.  Among  these  may  be 
noticed  the  picrites,  in  which  olivine  is  united  with  a  considerable 
proportion  of  augite,  hornblende,  or  biotite,  anorthite-augite  rook 
(eucrite)^,  anorthite-homblende  rock  (corsite),  and  anorthite- 
olivine  rock  (troctolite  or  forellenstein). 

[  *  It  is  possible  that  teschenite  must  be  grouped  with  those  rooks  which  lie 
on  the  boroer  line  between  the  basic  and  the  ultra-basic  groups.  See  RohrfaMb, 
Tschermak's  Min.  und  Petr.  MittheiL  yoL  vii  (1885)  p.  1.] 
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The  peridotites  and  their  allies  are  of  especial  interest  to  geologists 
on  four  different  grounds: — Firsts  their  mode  of  occurrence  has 
been  thought  to  be  suggestive  of  their  having  come  from  deeply- 
seated  portions  of  the  earth's  crust,  and  they  have  therefore  been 
supposed  to  afford  some  indications  conceming  the  constitution  of  the 
euih's  central  mass.  Secondly,  they  are  the  source  from  which  many, 
if  not,  indeed,  all,  of  those  very  interesting  rocks  the  serpentines  have 
been  derived  by  hydration.  Thirdly,  in  rocks  of  tMs  class  the 
remarkable  mineral,  diamond,  has  been  found  in  situ.  And /our^/, 
they  exhibit  many  striking  points  of  resemblance  with  those  won- 
derful ''extra-terrestrial  rocis" — the  meteorites. 

The  peridotites  which  have,  up  to  the  present  time,  been  described 
appear  to  be  plutonie  rocks,  forming  either  the  whole  or  portions  of 
intmsive  masses.  The  enclosures  in  basalt  and  the ''  olivine-bombs  " 
contained  in  basaltic  tufGs  constitute  apparent — but  probably  only 
apparent — exceptions  to  this  rule,  for  they  would  seem  to  have 
been  brought  from  below  entangled  in  the  lavas  and  scoriae  with 
which  they  are  associated.  Professor  Eosenbusch  is  inclined  to 
regard  the  *'  Hmburgites  '*  as  analogous  to  the  peridotites,  and  some 
of  these  rocks  certainly  have  an  ultimate  chemical  composition  sug- 
gestive of  an  alliance  with  the  ultra-basic  types.  But  the  majority 
of  the  limburgites  would  seem  to  be,  like  the  magma-basalts  of 
Bofick^  and  Mohl,  rocks  in  which  consolidation  has  taken  place 
before  the  individualization  bv  crystalline  action  of  the  more  acid 
constituents  which  form  the  felspar,  nepheline,  or  leucite. 

The  true  peridotites  have  been  usually  regarded  as  belonging  to 
the  older  geological  periods ;  by  some  authors,  indeed,  they  have 
been  stated  to  be  absolutelv  characteristic  of  the  Pre-Tertiary  epochs. 
In  Scotland,  however,  we  nnd  great  masses  of  undoubted  peridotites, 
exhibiting  all  the  essential  features  of  their  older  analogues,  but 
associated  in  the  most  intimate  manner  with  the  intrusive  rock- 
masses  which  I  have,  on  a  previous  occasion,  shown  to  be  the  central 
cores  of  great  volcanoes  built  up  by  successive  outbursts  during  the 
earlier  Tertiary  periods. 

But  it  is  not  alone  on  account  of  their  younger  geological  age  that 
the  peridotites  and  allied  rocks  of  the  Western  Isles  of  Scotland  are 
of  such  extreme  interest  to  geologists.  Owing  probably  to  their 
oomparatively  recent  origin,  the  minerals  of  which  these  rocks  are 
composed  are  in  a  remarkably  fresh  and  unweathered  condition, 
supplying  us,  as  I  hope  to  show  in  this  paper,  with  admirable 
facilities  for  studying  certain  questdons  concerning  their  origin  and 
mode  of  development.  Examined  from  this  point  of  view,  the  Ter- 
tiary Peridotites  of  Scotland  furnish  us  with  valuable  suggestions 
for  the  solution  of  many  problems  concerning  the  older  rocks  of  the 
same  class,  and  their  altered  representatives,  the  serpentines,  not 
only  in  Scotland,  but  in  other  parts  of  the  globe.  They  are  also 
important  from  their  grand  development  in  lina  district — forming, 
as  we  shall  see  that  they  do,  a  considerable  portion  of  great  moun- 
tain-masses, which  cover  considerable  areas. 
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The  Tertiaby  Pertdotites  and  Allied  Bocks. 

§  1.  Belations  of  these  Eocks  to  the  other  Eruptiye  MABsn  OF 
THE  Western  Isles  of  Scotland. 

More  than  ten  years  ago  I  was  enabled,  by  a  careM  study  of  the 
Western  Isles  of  Scotland,  to  demonstrate  that  the  emptive  masses 
of  granite  and  gabbro  of  that  area  constitute  the  denuded  cores  ot 
basal  wrecks  of  great  to)  canoes  built  up  during  the  earlier  Tertiary 
periods*.  As  Professor  Zirkel  had  shortly  before  visited  the  district 
for  the  purpose  of  collecting  specimens  of  the  leading  t3rpe8  of  rocks 
in  it,  and  had  given  a  detailed  account  of  their  microscopical  cha- 
racters t,  I  made  the  petrographical  determinations  of  that  excellent 
observer  the  basis  of  my  field-work,  reserving  to  a  future  occasion 
a  full  account  of  the  minute  structure  of  the  very  large  series  of 
typical  rocks  which  I  collected  during  my  field-work  extending  over 
several  years,  as  well  as  in  subsequent  visits  to  the  district.  In  fol- 
filment  of  the  engagement  I  then  made,  I  have  as  yot  only  been  aUe 
to  deal  with  the  basaltic  glasses,  in  a  paper  in  preparing  which  I  had 
the  cooperation  of  my  friend  Mr.  Cole  J,  and  I  now  lay  before  the 
Society  a  second  instalment  of  the  task. 

The  ultra-basic  rocks  of  the  Western  Isles  of  Scotland  form  sub- 
ordinate portions  of  several  of  the  great  basic  eruptive  masses  of  the 
Western  Isles  of  Scotland.  They  are  especially  developed  in  the  Isle  of 
Bum  and  in  the  Shiant  Isles.  By  Macculloch,  to  whose  careful  studies 
we  owe  so  much  of  our  knowledge  of  the  district  where  they  oocnr, 
the  difference  of  these  rocks  from  those  with  which  they  are  associ- 
ated was  clearly  recognized,  though  their  true  nature  was  to  some 
extent  misunderstood.  As  we  shall  hereafter  show,  the  olivine 
which  forms  such  an  important  constituent  in  most  of  these  rocks 
has  undergone  a  curious  modification,  by  which  it  is  caused  to 
assume  a  darker  colour  than  is  usual  in  the  mineral.  In  consequence 
ot  this  change  the  olivine  in  many  of  these  rocks  appears  to  the 
naked  eye  so  similar  to  the  associated  augite,  that  it  is  not  surpris- 
ing to  fiind  Macculloch  confounding  the  two  minerals  and  supposing 
the  rocks  to  be  almost  wholly  composed  of  augite.  It  was  in  this 
way  that  he  was  led  to  give  them  the  name  of  "  augite-rook  "  §.  That 
no  subsequent  observers  have  noticed  these  remarkable  rocks  is  pro- 
bably accounted  for  by  the  fact  that  the  Isle  of  Bum  is  seldom  visited, 
while  the  Shiant  Isles  are  not  only  almost  uninhabited,  but  are 
very  difficult  of  access. 

The  basic  eruptive  rocks,  with  which  the  ultra-basic  ones  are  so 
intimately  associated,  fall  into  the  two  classes  of  gabbros  and  dolfr- 
rites. 

*  Quart  Joum.  Gteol.  See.  voL  xxx.  (1874)  pj^.  220-302. 
t  Zeitschr.  d.  deutooh.  geolog.  GJesell.  vol.  xxiii.  (1871)  p.  1. 
t  Quart  Joum.  Qeol.  Soc.  vol.  xxxix.  (1883)  p.  444. 

I  A  Description  of  the  Western  Islee  of  SootUufd,  Ac,  bv  John  Maoenflooli, 
BID.  (1819),  ToL  i.  pp.  436,  486,  Ac. 
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The  gabbros,  as  Zirkel  so  well  showed  *,  belong  for  the  most  part 
to  the  class  of  the  oliyine-gabbros,  the  olivine  in  these  rocks,  how- 
ever, being  frequently  so  curiously  obscured^  as  to  be  easily  over- 
looked. 

By  other  writers  these  rocks  have  been  called  hypersthene-rock  t, 
hypersthenite  or  hyperite  J,  byperitio  diabase  §,  labrador-syenite  ||, 
and  norite  If. 

The  main  cause  of  the  conflict  of  opinion  concerning  the  nature 
of  this  rock  and  the  name  by  which  it  should  be  called  was  the 
difficulty  found  in  determining  it«  conspicuous  p3rroxenic  constituent. 
As  we  shall  show  hereafter,  Zirkel  was  undoubtedly  right  in  referring 
this  pyroxene  to  diallage,  the  foliated  form  of  augite  **.  At  the  same 
time  it  must  be  borne  in  mind  that  the  various  forms  of  enstatite,  and 
among  them  true  hypersthene,  are  also  frequently  present,  and  some- 
tiitoes  in  such  proportions  as  to  entitle  the  rock  to  be  called  an 
"  olivine-enstatite-gabbro." 

It  is  a  surprising  circumstance  that  some  authors  have  regarded 
the  rock  in  question  as  being  of  metamorphic  origin  and  of  Archaean 
age.  The  only  possible  ground  for  such  a  conclusion  which  I  can 
conceive  of  is  that  the  rocks  present  certain  parallel  division-planes, 
and  are  built  up  of  the  same  minerals  as  some  supposed  Lauren- 
tian  rocks.  As  for  the  parallel  division-planes  they  are  certainly 
nothing  but  the  great  concentric  joints  which  are  so  often  found  tra- 
versing both  gabbros  and  granites ;  while,  as  I  have  elsewhere  shown, 
the  connexion  of  these  rocks  widi  the  Post-Tertiary  basalts  is  un- 
mistakable. 

As,  however,  the  supposed  metamorphic  origin  and  ArchsBan  age 
of  the  gabbroB  of  the  Cuchullin  Hills  of  8kye  has  not  only  been 
taken  for  granted,  but  has  been  made  the  basis  of  curious  theo- 
retical speculations,  it  may  be  well  to  trace  the  idea  to  its  original 
source. 

The  first  who  broached  these  notions  appears  to  have  been  Dr. 
A.  Geikie  ft,  before  whom,  so  far  as  I  am  aware,  no  one  had  ques- 
tioned the  reference  made  by  Macculloch  of  these  rocks  to  the 

♦  Zeitscbr.  d.  deutflch.  geoL  GeselL  xxiii.  (1871)  p.  58.  In  1878,  Vrol 
Ton  Lasaulx  gave  an  interesting  aooount  of  the  microBOopical  oharaotera  of  the 
similar  rocks  of  the  Garlingford  Mountains,  which  form,  as  I  haye  shown,  a 
portion  of  the  same  great  Tertiary  series  of  outbursts.  (Tschermak,  Min.  u.  Petr. 
Jiitth.  1878,  p.  426.)  His  results  are  in  close  agreement  with  those  of  Prof. 
Ztrkel. 

t  Macculloch,  *  Western  Isles,'  toL  i.  p.  385 ;  GMkie, '  Scenery  and  Geology 
of  SooUand '  (1865),  p.  210. 

t  Heddle,  Trans.  Boy.  Soc.  Bdin.  vol.  ixviii.  (1879)  p.  478. 
I  Heddle,  Ice.  eU.  toL  xxviu.  (1879)  p.  252. 
f  Haughton.  DubL  Quart.  Joum.  Sc.  vol.  v.  (1865)  p.  94. 
%  Sterry  Hunt,  Chem.  k  Geol.  Essays,  2nd  ed.  (1879)  p.  281. 
**  I>r.  Meddle  has  arrived  at  the  startling  conclusion  that  not  only  is  diallam 
neTer  found  in  these  rocks,  but  that  in  Scotland  this  mineral  occurs  only  in 
metamorphic  rocks!    (See  Trans.  Boy.  Soc.  Edinb.  toI.  xxviii.  (1879),  p.  477 
footnote.) 

ft  Trans.  Boy.  Soc.  Edinb.  vol.  xxi.  (1861)  p.  638 ;  also  '  Scenery  and  Geology 
of  Scotland'  (1865),  p.  210,  footnote,  and  Murchison  and  Geikie s  Gbologioal 
Map  of  Scotland,  Ist  edition,  1865. 

a  J.  G.  S.  No.  163.  ^^        n  T 
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igneous  group.  In  1865,  Dr.  Haughton  paid  a  brief  yisit  to  Skye, 
aud  on  his  return  expressed  the  same  opinion  concerning  the  ongin 
and  age  of  these  rocks  *,  That  the  Archaean  age  and  metamorphic 
origin  of  the  rocks  in  question  is  no  longer  maintained  by  the  first- 
mentioned  author,  is  evident  from  several  of  his  later  writbgs  t ; 
nevertheless,  the  erroneous  identification  has  been  adopted  by  Dr. 
Sterry  Hunt  J,  v^ho  makes  a  strong  poin£  of  it  as  supporting  his 
views  concerning  the  chronological  classification  of  ro(^,  based  on 
their  mineralogical  characters.  It  is  but  just,  however,  to  this 
author  to  conclude  that  his  acquaintance  with  the  rocks  of  Skye  is 
probably  limited  to  hand-specimens. 

The  gabbros  of  the  Inner  Hebrides  present,  as  I  have  already 
shown,  all  the  distinctive  characteristics  of  igneous  eruptive  masses. 
They  are,  as  a  matter  of  fact,  remarkably  free  from  all  traces  of  the 
foliated  structure  which  is  sometimes  found  superinduced  in  igneous 
rocks  of  greater  geological  antiquity.  In  their  general  relations,  as 
well  as  in  their  structure,  they  present  the  most  remarkable  analogy 
with  the  granites,  of  which  they  are  clearly  the  representatives  in 
the  basic  series  of  rocks.  Thus  they  form  mountainous  masses  inter- 
sected in  all  directions  by  the  so-called  "contemporaneous"  or 
'^  segregation "  veins,  and  are  sometimes  studded  with  enclosures 
composed  of  the  same  minerals  as  the  rock  itself,  but  in  different 
proportions.  These  gabbro-masses  become  finer-grained  and  leas 
perfectly  crystalline  towards  their  edges,  and  they  give  off  innumer- 
able veins  into  the  surrounding  rocks,  while  the  most  striking  effects 
of  contact-metamorphism  are  seen  in  stratified  materials  lying  in 
juxtaposition  with  them. 

The  dolerites  of  the  Western  Isles  of  Scotland  form  smaller  erup- 
tive masses,  and  also  great  intrusive  sheets  which  are  not  only  seen 
to  be  connected  with  the  larger  gabbro-intrusions,  but  graduate  into 
them  in  the  most  insensible  manner.  Some  of  the  tluckest  of  the 
lava-flows  are  also  dolerites,  undistinguishable  in  their  characten 
from  the  intrusive  masses. 

Locally,  both  gabbros  and  dolerites  are  found  passing  into  perido- 
tites  by  the  gradual  disappearance  of  the  felspar  and  the  increase  in 
quantity  of  the  olivine.  In  this  way  the  felspathic  rocks  are  seen 
graduating  insensibly  into  the  non-felspathic  forms,  and  these  latter, 
in  the  island  of  Rum,  cover  vast  areas  and  form  the  bulk  of  moun- 
tain-masses thousands  of  feet  in  height.  It  is  noteworthy  that  the 
peridotites  make  their  appearance  not  only  in  the  deepest  valleys  of 
Hum,  but  also  on  the  top  of  Halival  and  other  mountains  in  the 
island  which  are  between  2000  and  3000  feet  high. 

But  th^e  is  another  and  very  interesting  mode  of  association  of 
the  peridotites  with  the  gabbros  and  dolerites,  which  is  especially 
wortiiy  of  notice.  The  peridotites  are  often  found  in  segregation- 
nodules  in  the  gabbros,  and  occasionally  segregation-nodoJes  of 
gabbro  are  found  in  the  peridotites,  the  phenomena  being  strikioglj 

♦  Dublin  Quart.  Joum.  Sci.  toI.  y.  (1865),  p.  94. 

t  A.  Geikie,  '  Text-Book  of  Geology '  (1882),  p.  150. 

*  tHerry  Hunt, '  Chemical  and  Geological  KMayp/  2ncl  edition  (1879X  p>  27^ 
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paraDel  to  those  displayed  by  the  granites,  and  so  well  described  by 
Mr.  J.  A.  Phillips,  F.R.8.*  Still  more  frequently  the  so-called 
"segregation"  veins  of  peridotite  are  seen  traversing  the  gabbro, 
and  similar  veins  of  gabbro  are  found  intersecting  the  peridotite 
masses.  Not  unfrequently,  too,  such  veins  are  found  composed  of 
picrite,  eucrite,  or  troctolite.  That  these  so-called  "  segregation  " 
or  "contemporaneous"  veins  have  been  formed  at  different  times  is 
shown  by  the  fact  that  one  vein  is  frequently  intersected  and  shifted 
in  position  by  another.  A  beautiful  example  of  this  kind  is  illus- 
trated in  the  annexed  diagram. 

Intersecting  Veins  of  Oabbro  and  Dunite  in  Olivine  Bock,  \  not  .  size 


a.  Oliriue  rock  (dunite). 

b.  Oliyine-gabbro  Tein  traversinff  the  same. 

c.  Segregation-nodule  of  felspatnio  rook. 

d.  Porphyritic  dunite  intersecting  and  shifting  the  gabbro-vein. 

As  is  not  uncommonly  the  case  with  such  veins,  the  minerals  in 
them  have  sometimes  a  special  arrangement  of  their  own.  Thus  in 
the  case  figured  above,  the  olivine-gabbro-vein  (h)  has  its  felspar 
grouped  principally  along  the  sides,  and  the  augite  and  olivine  in  the 
centre. 

The  relations  of  the  gabbros  and  peridotites  in  the  Western  Isles 
of  Scotland  seem  to  indicate  that  in  the  heart  of  these  old  volcanoes 
tiie  felspar,  olivine,  and  augite  tended  to  segregate  in  certain  cases 
into  masses  of  various  dimensions ;  and  that  these  masses  were,  after 
consolidation,  fissured  again  and  again,  the  fissures  being  injected  by 
different  portions  of  the  magma,  which  were  still  in  a  more  or  less 
plastic  condition. 

The  very  close  association  of  peridotites  with  gabbros  is  not  by 

any  means  peculiar  to  the  district  we  are  describing.     In  the  Hartz 

in  Nassau,  in  Baden,  in  Silesia,  and  in  many  other  districts  a  similar 

association  of  rocks  prevails ;  and  in  many,  if  not  all  of  these  cases, 

*  Quart.  Joum.  G^eol.  Soc.  vol.  xxxiri.  (1880)  p.  1. 
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the  pyroxenes  and  olivines  of  the  felspathio  and  the  non-felspathie 
rocks  exhibit  the  most  striking  resemblances. 

To  the  similar  relations  between  the  altered  peridotites  (or  ser- 
pentines) and  gabbros,  which  have  been  so  frequently  remarked 
upon  by  Prof.  Bonney  *  and  others,  I  need  do  no  more  than  make 
a  passing  reference. 

The  constant  association  of  serpentines,  which  are  altered  perido- 
tites, with  gabbros  appears  to  have  led  to  the  supposition,  a  highly 
improbable  one,  that  the  latter  rocks  can  be  changed  into  Berpentine. 
The  fact  that  the  felspathic  rocks  graduate  so  constantly  into  the 
non-felspathic  will  fully  account  for  the  association  of  the  hydrated 
representatives  of  the  latter  class  with  the  more  or  lees  altered 
representatives  of  the  former  without  the  necessity  of  our  having 
recourse  to  the  violent  hypothesis  referred  to. 

§  2.  MiCBoscopic  Stevotvbb  of  the  Boceb. 

The  larger  intrusive  masses  of  basic  composition  in  the  Inner 
Hebrides  are  all  perfectly  holocrystalline,  and  show  no  vestige  of  a 
glassy  basis  or  ^ound-mass.  Nevertheless  some  very  interesting  and 
distinctive  structures  are  seen  to  be  exhibited  by  them,  when  they 
are  studied  in  thin  sections,  under  the  microscope. 

The  structure  usually  displayed  by  the  gabbros  may  be  d^oed 
as  granitic,  that  is  to  say,  they  are  built  up  of  crystals,  the  deve- 
lopment of  the  outward  forms  of  which  has  been  to  a  great  extent 
prevented  by  the  growth  in  juxtaposition  with  them  of  other  crystals. 
We  may  perhaps  conclude  that  in  these  rocks  the  separation  in  the 
magma  of  the  several  minerals,  felspar,  augite,  and  olivine,  took 
place  almost  simultaneously. 

Occasionally,  however,  the  minerals  of  the  gabbros  have  a  ten- 
dency to  the  formation  of  more  or  less  rounded  grains,  and  an  ap- 
proach to  the  granuUitic  structure  is  exhibited. 

The  gabbros  vary  greatly  in  the  coarseness  of  their  grain.  In 
Skye  and  Ardnamurchan,  we  find  rocks  made  up  of  crystals  an  inch 
or  more  in  length,  and  every  gradation  is  seen  from  these  coarse- 
grained rocks  down  to  those  in  which  the  crystals  are  extremely 
minute. 

The  dolerites,  which  are,  as  a  general  rule,  finer-grained  rodcs, 
exhibit  two  very  interesting  types  of  structure,  which  seem  to  be 
worthy  of  careful  study. 

For  the  first  of  these  I  propose,  following  M.  Michel  Levy,  to 
employ  the  term  ophitie  structure,  from  its  having  been  firet  noticed 
in  connexion  with  those  interesting  rocks,  ^e  ophites  of  the 
Pyrenees  f.  Dr.  A.  Qeikie  has  also  described  it  as  occurring  in  the 
intrusive  rocks  of  Carboniferous  age  in  the  central  valley  of  Scotland  t. 
In  this  class  of  rock  the  augite  is  found  crystallised  in  large  patcbea, 

*  Quart.  Joum.  Geol.  See.  toL  xxxii.  (1877)  p.  915,  toL  xxxiv.  (1879) 
p.  783 ;  Geol.  Mag.  dec.  ii.  vol.  tL  (1879)  p.  870. 
t  BuU.  Soo.  Geol.  d.  Fr.  dme  s^r.  tom.  vi.  (1877)  p.  156. 
\  Trans.  Boj.  Soo.  Edinb.  toI.  zzii.  (1880)  p.  495. 


Digitized  by  LjOOQ IC 


OLDER  PBBIbOnTBS  OF  SCOTLAND.  361 

which  enclose  well-formed  crystals  of  felspar.  The  crystalline 
oontiDaity  of  these  large  patches  of  augite  is  shown  by  the  broad 
deavage-fractores,  which  cause  the  rock  to  present  a  number  of 
brilliant  faces  reflecting  light.  Under  the  microscope  the  same  fact 
becomes  still  more  obvious  by  the  persistence  of  the  deavage-cracks, 
and  by  the  same  optical  relations  being  exhibited  over  considerable 
areas,  when  the  sections  are  iriewed  by  polarized  light. 

Nowhere  is  this  beautiful  ophitic  structure  more  admirably  dis- 
played than  in  the  Shiant  Isles,  but  in  a  less  perfect  condition  it  is 
seen  in  the  later  intrusive  masses  of  Sarsta  Beinn  in  Mull*,  and 
many  other  localities.  While,  on  the  one  hand,  the  gabbros  not 
unfrequently  exhibit  some  indications  of  an  approximation  to  this 
structure,  it  is  also  displayed  in  a  far  less  perfect  condition  (semi- 
ophitic  structure)  in  some  of  the  basalts.  The  careful  examination 
of  these  rocks  with  the  microscope  fully  bears  out  my  original 
condusion,  derived  from  studies  in  the  field,  that  the  most  perfect 
transitions  occur  from  gabbros  through  dolerites  and  basalts  to  basalt- 
glass. 

The  other  structure  presented  by  the  dolerites  I  have  ventured 
to  designate  as  the  porphyro-granulitic  structure.  The  base  of 
these  dolerites  is  composed  of  a  mixture  of  lath-shaped  felspars, 
and  small  irregular  grains  of  augite,  and  through  this  base  large 
porphyritic  crystals  of  felspar  and  large  grains  of  olivine  are  dis- 
tributed in  greater  or  less  abundance.  A  very  excellent  example 
of  this  structure  is  exhibited  by  the  rock  at  Ru  Geur  in  Skye  t. 

Some  of  the  granitic  gabbros  exhibit  a  distinct  approach  to  the 
ophitic  structure  in  the  arrangement  of  their  crystals,  while  the 
granulitic  gabbros  graduate  insensibly  into  the  porphyro-granulitic 
dolerites.  Both  the  ophitic  and  the  granulitic  dolerites  are  found  in 
turn  passing  insensibly  into  basalts  by  the  appearance  of  a  more  or 
less  glassy  base  between  the  crystals. 

I  propose  to  discuss  the  origin  of  these  structures  and  the  manner 
in  which  they  shade  insensibly  into  one  another,  and  also  into  the 
structures  characteristic  of  the  basalts,  in  a  subsequent  paper  devoted 
to  the  description  of  the  whole  of  the  basic  rocks  of  the  Western 
Isles  of  Scotland.  It  was  n^essary,  however,  to  refer  to  the  subject 
here,  as  the  peridotites  in  every  case  exhibit  a  structure  analogous 
to  that  of  the  gabbro  or  dolerite  with  which  they  are  assodated. 
Thus  a  gabbro,  by  the  disappearance  of  its  felspar,  is  seen  passing 
into  a  peridotite  of  granitic  structure ;  and  an  ophitic  dolerite,  in  the 
same  way,  graduates  into  a  peridotite  with  ophitic  structure.  In 
PL  XIII.  fig.  2  exhibits  an  example  of  the  porphyro-granulitic  struc- 
ture, figs.  5  &  6  of  the  granulitic,  figs.  4  &  8  of  the  ophitic,  and 
fig.  7  of  the  granitic  structures,  as  exhibited  in  rocks  of  the  ultra- 
basic  class. 

*  Quart.  Joum.  Geol.  8oa  vol  xxx.  (1875)  p.  364-266. 

t  Bid.  Tol.  xxxiii.  (1878)  p.  692.  This  dolerite,  in  its  plaU  ptruoture,  so 
elotelv  resemblee  a  pbonolite,  that  from  ray  exapination  in  the  field  I  was  erro- 
neouJy  led  to  class  it  with  those  rocks. 
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§  3.    MiNE&iLS  OF  WHICH  THB  BoCKS  AKB  BT7ILT  UP. 

Ab  the  species  of  minerals,  and  the  different  varieties  of  those 
species,  are  the  same  in  the  peridotites  as  in  the  dolerites  and  gab- 
bros  of  the  Inner  Hebrides,  it  will  be  necessary  to  give  a  detailed 
account  of  them  in  the  present  memoir,  the  discussion  serving  not 
only  for  the  ultrabasic,  but  also  for  the  basic  rocks,  which  will  be 
described  in  a  subsequent  communication. 

Much  confusion  has  been  introduced  into  petrographical  literature, 
in  consequence  of  all  the  characters  presented  by  minerals  being 
treated  as  if  they  had  precisely  the  same  significance.  But  while 
some  of  the  characters  of  the  rock-forming  minerals  are  original 
and  essential,  others  are,  as  certainly,  secondary  and  accidental 
Moreover,  the  minerals,  since  their  first  crystallization,  may  have 
undergone  several  series  of  changes  totally  dissimilar  in  kind,  and 
resulting  from  causes  altogether  different.  It  therefore  bewmes 
necessary  to  distinguish  not  only  the  secondary  from  the  original 
characters,  but  to  assign  each  of  the  secondary  characters  to  its 
proper  cause.  This  is  the  task  which  I  have  endeavoured  to  per- 
form in  the  case  of  each  of  the  minerals  which  go  to  bmld  up  the 
rocks  now  under  discussion. 

It  will,  I  think,  conduce  to  clearness,  if  I  indicate  at  the  outset 
what  appear  to  have  been  the  original  peculiarities  of  the  several 
minerals  in  these  rocks,  and  show  what  were  their  physical  proper- 
ties and  chemical  composition  in  their  unaltered  condition.  I  shall 
then  proceed  to  describe  the  changes  which,  in  certain  situations, 
they  are  found  to  have  undergone,  and  to  discuss  the  cause  of  these 
changes. 

The  Felspars. — Plagioclase  felspar,  which  constitutes  one  half,  or 
even  more  than  one  half,  of  some  of  the  gabbros,  and  is  equally 
abundant  in  the  eucrites  and  in  the  troctoUtes,  becomes  so  rare  in 
many  of  the  peridotites  that  it  can  no  longer  be  regarded  as  an 
essential  constituent  of  them.  But,  as  already  stated,  we  find  every 
possible  gradation  from  the  most  highly  felspathic  rocks  to  others 
in  which  the  felspar  entirely  disappears. 

The  crystals  of  the  felspars  vary  greatly  in  size ;  sometimes  Uie 
gabbros  are  fine-grained,  almost  compact  rocks ;  at  other  times  they 
are  built  up  of  crystals  of  great  size,  up  to  one  or  two  inches  in 
length.  As  a  rule,  the  most  coarsely  crystalline  varieties  are  found 
in  the  centre  of  the  largest  intrusive  masses,  like  those  of  Skye  and 
Ardnamurchan.  In  the  case  of  these  large  masses,  the  tint  and 
play  of  colours  in  some  of  the  felspar-crystals  suggest  that  they  are 
labradorite,  and  they  were  recognized  as  such  by  Macculloch  as  long 
ago  as  1819  ♦. 

The  tests  of  specific  gravity,  of  fusibility,  of  the  flame-reaction  of 
Szab6,  and  of  the  extinction-angle,  as  suggested  by  Levy  and  Fouque, 
all  point  to  the  conclusion  that  these  felspars  are,  in  chemical  com- 
position, intermediate  between  labradorite  and  anorthite,  in  some 
oases  approaching  the  former,  in  other  cases  the  latter  species.    Such 

*  A  DesoriptioD  of  the  Western  Isles  of  Scotland,  toI.  i.  p.  413. 
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analyses  as  have  beea  made  of  these  felspars  entirely  support  this 
conclusion.     These  analyses  are  as  follows  : — 

Felspars  of  Oahhros  of  the  Western  Isles,  and  the  North  of 
Ireland, 


Silica 

Alamina     

Ferric  oxide  

Lime   

Magnesia    

I. 
53-60 

29-88 
0-22 

11-02 
0-07 
4-92 
0-80 
048 

II. 
60-811 
29480 
0252 
12-690 
0-124 
3922 
0-552 
2-481 

III. 
49-155 
29-620 

1-152      . 
15-309 

0-911 

2-914 

0-695 

0-730 

IV. 

45-87 
34-73 

1710 
1-55 

8o£i   

Potash    

Water    

100-99 


100-312 


100-486 


99-25 


I.  Is  from  Loch  Soavaig,  Skye.  Analysis  by  Dr.  Haughton, 
Dubl.  Quart.  Joum.  Sci.  vol.  v.  (1865)  p.  94. 

(The  iron  has  been  calculated  as  ferric  oxide,  so  as  to  correspond 
with  the  other  analyses.) 

II.  Is  also  from  Loch  Soavaig,  Skye.  Analysis  by  Dr.  Heddle  of 
specimen,  consisting  of  a  large  crystal,  bluish  grey  in  colour,  and 
finely  striated:  specific  gravity  2715.  Trans.  Roy.  Soo.  Edinb. 
vol.  xxviii.  (1879)  p.  253. 

in.  Is  fipom  Hart  o'  Corry  in  the  Cuchullin  Hills,  Skye.  Ana- 
lysis by  Dr.  Heddle,  of  a  specimen  of  an  unstriated  variety  occurring 
in  granules.    Trans.  Roy.  Soo.  Edinb.  vol.  xxviii.  (1879)  p.  253. 

IV.  Felspar  from  the  Carlingford  Mountain,  County  Down :  by 
Dr.  Haughton.     Phil.  Mag.  ser.  iv.  vol.  xix.  (1860)  p.  13. 

While  I.  agrees  very  fairly  with  the  analyses  of  typical  labrado- 
rites,  m.  approaches  very  closely  in  composition  to  anorthite,  and 
rV.  is  a  perfectly  typical  anorthite  ;  in  II.  the  proportions  of  lime 
and  soda  are  intermediate  between  those  characterizing  the  two 
spedes. 

The  presence  of  water,  ferric  oxide,  and  magnesia,  indicated  that 
the  felspar  of  these  rocks  has  undergone  a  certain  amount  of  altera- 
tion, the  nature  and  cause  of  which  will  be  discussed  in  the  sequel. 

When  studied  by  the  aid  of  the  microscope,  these  felspars  but 
rarely,  so  far  as  I  have  observed,  exhibit  examples  of  zoned  structure. 
Occasionally,  however,  we  find  evidence  that  the  crystals  are  built 
Tip  of  intergrowths  of  two  different  species  of  felspar — the  well- 
known  "  perthite-etructure"  being  produced.  In  the  great  majority 
of  cases,  however,  the  optical  uniformity  of  the  crystals,  when  viewed 
by  polarized  light,  indicates  that  we  are  dealing  with  a  homogeneous 
substance,  with  definite  optical  constants,  a  result  in  harmony  with 
those  obtained  by  Max  Schuster  ♦. 

Some  of  the  felspars  in  these  rocks  exhibit  in  the  most  striking 
manner  the  twin  lamellae,  which  become  very  conspicuous  when  the 
sections  are  viewed  with  the  polariscope.  But  while  certain  crystals 
*  Tschermak'a  Min.  Petr.  Mitth.  toI.  iii.  (1880)  p.  117. 
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display  this  strocture  in  its  most  complete  development,  othere  tre 
quite  destitute  of  it,  and  others,  Again>  exhihit  it  in  irregolar  and 
interrupted  portions  of  their  mass. 

At  one  time  the  presence  of  lamellar  twinning  was  regarded  hj 
petrographers  as  an  essential  characteristic  of  the  plagioclase  felspars, 
and  when  untwinned  or  simply-twinned  felspar-crystals  were  met 
with,  even  in  the  most  basic  rocks,  they  were  referred  to  ortho- 
clase.  But  this  view  has  now  been  generally  abandoned,  and  the 
late  Dr.  G.  Hawes  *  has  demonstrated  that  the  most  typical  oligo- 
clases,  andesines,  labradorites,  and  anorthites  sometimes  present  no 
trace  whatever  of  lamellar  twinning. 

Much  new  light  has  been  thrown  by  recent  researches  on  the 
manner  in  which  twin  lamellae  may  be  produced  in  crystals  ;  and  the 
results  of  these  investigations  are  worthy  of  the  most  careful  con- 
sideration by  the  petrographer  and  geologist. 

As  long  ago  as  1859,  it  was  shown  by  Pfaff  that  remarkable 
changes  are  induced  in  the  optical  properties  of  calcite  when  its 
crystals  are  subjected  to  pressure  t ;  and  in  1867  Prof.  E.  Keusdi 
demonstrated  that  by  pressure  applied  in  certain  directions  to  these 
crystals  a  definite  lamellar  twinning  could  be  developed  in  them  t. 
In  1879  Baumhauer  showed  that  the  pressure  necessary  to  briug 
about  this  twin  structure  could  be  applied  by  simply  forcing  the 
edge  of  a  knife-blade  in  a  certain  direction  into  the  crystal  §,  and 
this  conclusion  was  confirmed  by  the  observations  of  Breana  p. 

Now  calcite  crystals,  when  freely  developed,  may  attain  the 
largest  dimensions  without  betraying  any  trace  of  this  lamellar 
twinning,  as  is  seen  in  the  case  of  ordinary  Iceland-epar.  But  the 
great  majority  of  rock-forming  calcite-crystals,  even  when  of  the 
smallest  size,  like  those  occurring  in  crystalline  limestones  and 
dolomites,  for  instance,  exhibit  this  lamellar  twinning  in  the  most 
striking  manner. 

Similar  lamellar  twinning  is  exhibited  by  many  rock-forming 
minerals,  such  as  leucite,  garnet,  boraoite,  ftc.,  and  has  led  to  many 
speculations  concerning  the  possibility  of  these  crystals  being  re- 
garded, not  as  the  simple  forms  to  which  they  were  first  referred, 
but  as  examples  of  very  complicated  structures  built  up  by  polysyn- 
thetic  twinning  and  belonging  to  a  lower  order  of  symmetry. 

But  certain  recent  investigations  have  thrown  a  new  and  unex- 
pected light  on  this  most  interesting  question.  Mallard  has  shown 
that  boracite  loses  its  twin  lamellsB  when  the  crystals  are  he^ed  to 
the  temperature  at  which  they  were  originally  formed  ^.  Merian 
has  proved  that  tridymite  becomes  optically  hexagonal  at  high 

*  Proc.  National  Mas.  1881,  pp.  184-136.  See  Smitbeon.  Miir«lL  Oolleci. 
TOl.  zxiL 

t  Pogg.  Ann.  Tol.  orii.  (1859)  pp.  33S-38a 

J  Pogg.  Ann.  vol.  cxxxii.  (1867) ;  iWd.  cxli.  (1872) ;  also  Proa  Bojr.  Boo. 
Edinb,  vol.  vi.  (1869)  p.  136. 

I  ZeiUcbr.  Kryst.  vol.  ui.  (1879)  p.  688. 

I  End,  vol.  iv.  (1880)  p.  618. 

f  Bull.  Soe.  Mia.  db  Fraaoe.  vol.  v.  (1882)  p.  144. 


Digitized  by  LjOOQ IC 


OLDBR  PEBIDOTITEB  OF  SCOTLAND.  365 

temperafcores  * ;  and,  finally,  Klein  has  demonstrated  that  leudte 
loses  its  twin  lamellae,  and  exhibits  the  isotropism  of  cubic  crystals 
at  a  very  high  temperature  t. 

The  conclusion  to  which  all  these  interesting  results  point  is,  that 
the  properties  of  a  crystal  formed  at  any  given  temperature  may  be 
greatly  modified  when  that  temperature  is  altered.  Thus  leucite, 
while  contracting  in  cooling  from  the  temperature  at  which  it  was 
originally  formed,  becomes  subjected  to  internal  stresses  and  strains, 
resulting  in  lamellar  twinning,  and  even  in  that  alteration  of  the 
angular  measures  of  the  crystal  so  long  ago  pointed  out  by  Yom  Bath. 
Such  being  the  case,  the  question  which  cannot  fail  to  present  itself 
to  petrographers  is :  May  not  the  twin-lamellse  of  the  plagioclase 
felspars,  like  the  similar  structure  in  calcite,  be  not  an  original  and 
necessary  character  of  the  crystals,  but  one  developed  in  them  by 
pressure  or  strain  ? 

There  are  not  a  few  facts  which  support  the  hypothesis  we  have 
just  enunciated.     Lamellar  twinning  is  often  altogether  absent,  as 
we  have  already  seen,  in  plagioclase  felspars ;  and  in  the  case  of  the 
rocks  we  are  now  studying,  such  untwinned  plagioclase  crystals  are 
especially  found  in  certain  veins.     In  other  cases  the  lamellar  twin- 
ning is  found  afiecting  certain  portions  of  the  crystal  only,  and  in 
the  most  conspicuous  manner.    The  twin-lamellse,  too,  often  stop 
suddenly,   or  are  replaced  by  narrower  and  more  numerous,  or 
broader  and  less  numerous  ones,  as  is  the  case  with  lameUse  arti- 
ficially produced  in  calcite.     Like  the  twin-lamellae  in  the  rock- 
forming  calcite  also,  those  of  plagioclase-felspar  are  sometimes  bent 
in  the  most  remarkable  manner.      Sometimes  the  same  crystal  is 
found  exhibiting  two  series  of  lamellar  twinnings  intersecting  one 
another,  as  is  also  the  case  with  calcite.    Perhaps  the  most  striking 
and  significant  circumstance  of  all  is  that  where  a  felspar-crystal  is 
seen  to  be  bent  or  compressed  between  other  crystals  in  a  rock, 
the  patt  of  the  crystal  so  affected  will  be  traversed  by  twin-lamellsBy 
from  which  other  parts  of  the  crystal  may  be  altogether  free  $. 

That  the  tendency  to  that  peculiar  disposition  of  molecules  which 
constitutes  lamellar  twinning  must  exist  from  the  first  both  in 
calcite  and  in  plagioclase  felspars  is,  of  course,  freely  admitted ;  but 
the  rearrangement  of  these  molecules  in  obedience  to  certain  laws 
seems  to  be  determined  by  the  application  to  them  of  external 
mechanical  forces.  In  great,  slowly-cooling  masses  of  rock,  like 
those  in  the  centre  of  volcanic  cones,  composed  of  minerals  having 
different  coefficients  of  expansion,  not  only  in  different  cr}'stals  but 
along  different  directions  in  the  same  crystal,  we  have  forces  at 
work  competent  to  produce  those  strains  and  stresses  which  have 
been  proved  to  be  capable  of  inducing  such  a  rearrangement  of  the 

*  Neues  Jahrb.  for  Min.  &o.  1884,  i.  p.  193. 

t  liachriohten  der  Kon.  Gee.  d.  Wise.  G^ottingen,  May  1884. 

f  Admirable  iUoBtrations  of  some  of  these  appearances  will  be  found  in 
Cohen's  'Sammlung  yon  Mikrophotographien  zur  VeransohauUchang  der 
mikroakomschen  Struotur  Ton  Mineralien  und  Gtoeteinen/  taf.  xxx.  2,  3,  Lot. 
1,  2,  4.     See  also  xxxi.  1,  4,  and  xxx.  4. 
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molecules  ;  and  all  the  appearances  presented  by  the  lamellar 
twinning  of  these  felspars  seem  to  me  to  be  mach  more  in  harmony 
with  the  view  that  it  is  so  induced  than  with  the  supposition  that 
the  structure  is  an  original  one. 

With  respect  to  the  period  at  which  these  twin-lameUse  were 
developed  in  the  crystals  of  plagioclase  felspar,  there  is  every  reason 
to  believe  that  during  the  cooling-down  of  the  crystals  from  the 
high  temperature  at  which  they  were  developed,  many  such  stmo- 
tures  would  arise ;  for  they  are  found  alike  in  the  felspars  of  arti- 
ficially-formed rocks  and  in  those  of  drusy  cavities  and  open  veins. 
But  the  more  carefully  the  positions  and  relations  of  these  twin- 
lamellsB  are  studied,  the  more  clearly  does  it  become  apparent  that 
external  causes,  such  as  the  pressure  of  adjoining  crystals  and  the 
other  accidents  to  which  they  have  been  subjected  since  their  first 
formation,  have  played  no  inconsiderable  part  in  bringing  about  the 
final  result.  In  PI.  X.  fig.  I,  a  crystal  of  felspar  is  represented, 
which  admirably  illustrates  these  conclusions. 

[At  the  time  when  this  paper  was  read  I  was  not  aware  of  the 
important  series  of  experiments  which  had  been  carried  on  by  Herr 
Forstner,  and  which  are  described  in  the  Zeitschr.  fur  KrystalL  &C., 
vol.  ix.  (1884)  p.  333.  Forstner  took  plates  of  the  un twinned 
plagioclase  felspar  of  the  rock  from  Fantellaria  which  he  has  de- 
scribed, and  by  heating  them  to  various  temperatures  and  cooling 
them  again,  he  succeeded  in  developing  the  twin-lamellse,  and  even 
in  producing  reentering  angles  on  tiie  edges  of  the  plates  similar  to 
those  which  have  been  artificially  produced  in  fragments  of  calcite. 
These  experiments  prove  conclusively  that  the  twin-lamellae  of 
plagioclase  felspar  can  he  developed  by  the  application  of  mechanical 
force ;  and  that  they  are  constantly  so  produced  in  rock-masses,  I 
have  in  the  foregoing  pages  given  reasons  for  concluding.] 

The  Pyroxenes, — There  has  been  a  very  great  confiict  of  opinion 
concerning  the  pyroxenes  in  the  gabbros  of  the  Western  Isles  of 
Scotland.  Macculloch,  while  rightly  identifying  the  pyroxene  in 
the  great  mass  of  these  rocks  as  augite,  stated  that  hypersthene 
occurs  in  the  Cuchullin  Hills  of  Skye,  in  Ardnamurohan,  and  at  one 
point  in  the  island  of  Rum  *.  In  these  statements  he  was  perfectly 
correct,  but  in  going  farther  and  describing  the  rock-masses  of  the 
Cuchullin  HiUs  and ,  the  western  parts  of  Ardnamurohan  as 
hypersthene-rock,  MacouUoch  fell  into  an  error;  for  in  all  these 
rocks,  as  was  pointed  out  by  Zirkel,  the  predominant  pyroxene  is 
diallage,  the  foliated  form  of  augite,  and  not  hypersthene.  We 
shall  show,  however,  that  augite  frequently  occurs  in  these  rocks  in 
an  altered  form,  which  so  curiously  mimics  the  colour,  lustre,  and 
general  appearance  of  hypersthene  that  Macculloch's  error  was  a 
very  natural  and  pardonable  one. 

Descloiseaux's  researches  in  1862  showed  that  the  pyroxenes  can 
be  divided  into  two  groups,  those  in  which  lime  is  the  predominant 
base,  crystallizing  in  the  monoclinic  system — the  augites — and  those 

*  A  Description  of  the  Western  Isles  of  Scotland,  vol.  i.  pp.  385,  390, 
413,  503. 
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in  which  magneda  is  the  principal  base,  crystallizing  in  the  rhombic 
system — ^the  enstatites.  Both  of  these  classes  of  pyroxene  are 
represented  in  the  basic  rocks  of  the  Western  Isles  of  Scotland ;  but 
the  angites  occur  by  far  the  most  abundantly. 

In  both  the  monoclinic  and  the  rhombic  pyroxenes  we  find  a 
series  of  varieties  differing  from  one  another  by  the  proportion  of 
iron  which  they  contain.  The  highly  ferriferous  varieties  of  both 
minerals  occur,  however,  most  commonly  in  these  rocks. 

The  augites  are  occasionally  represented  by  varieties  which  ap- 
pear bright  green  by  reflected,  and  pale  green  by  transmitted  light. 
Such  forms,  which  resemble  diopside,  occur  at  several  points  in 
the  island  of  Mull,  especially  in  Glen  More,  and  at  other  points 
near  Carsaig.  In  the  island  of  Eum,  on  the  flanks  and  summits  of 
the  mountains  of  Halival,  Haiskeval,  and  Tralival,  this  green  augite 
is  remarkable  for  the  absence  of  regular  crystalline  forms  and  of 
cleavage-cracks;  it  often  occurs  in  more  or  less  rounded  and 
irr^nlar  grains  resembling  coccolite. 

This  green  augite  (diopside)  of  Kalival,  which  was  mistaken  by 
Jameson  for  pitchstone,  has  been  analyzed  by  Dr.  Heddle*,  and  his 
analysis  gives  us  a  good  idea  of  the  composition  of  the  least 
ferriferous  varieties  of  the  augite  of  these  rocks.  The  percentage 
of  alumina  indicates  that  it  lies  on  the  border  line  between  the 
aluminous  and  the  non-aluminous  augites ;  chromium  does  not 
appear  to  have  been  specially  sought  for,  but  these  bright  green 
augites  greatly  resemble  the  chrome-diopsides  of  the  Iherzolites. 

Silica 60-537 

Alumina    3-348 

Ferric  oxide  1-338 

Ferrous  oxide     4*423 

Manganous  oxide 0-230 

Lime 21-419 

Magnesia    17-050 

Potash    0-252 

Soda 0-530 

Water    0-706 

99-833 

In  the  great  majority  of  these  rocks,  however,  the  augite  is  of  a 
black  colour  by  reflected  light,  and  when  viewed  in  thin  sections 
exhibits  various  tints  from  light  to  dark  brown. 

Although  no  analyses  have  been  made  of  these  black  augites  of  the 
Scottish  gabbros  in  their  unaltered  condition,  yet  the  following  ana- 
lyses of  the  forms  which  have  undergone  the  curious  redistribution 
of  their  materials  described  in  this  paper  will  no  doubt  serve  to  show 
the  general  proportions  of  the  several  bases  in  different  varieties. 

»  Trans.  Boy.  Soc.  Edinb.  toI.  xxviii.  (1879)  p.  478. 
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I.  II.  III.  IV.              V.  VI. 

Silica  51-362  50*80  63046  61-986  61-30  48-268 

Alumina 1*662  3O0  4  816  1322  0-76  0*222 

Ferrous  oxide 8968  9^1  11*389  13*900  13-92  14-060 

Manganoiis  oxide      0*332  1*06  0*078  0*250  0-25  0*381 

Lime   20837  1935  19*808  19*363  20*15  20^56 

Magnesia    16*471  1506  11-576  13*860  14*85  14*812 

Soda    0O6 

Titanic  acid    0*380 

Water 0*540  0*60  0026  0*200  0-21  0719 

100*172        100*16      101*339      101*201      101-44       99*738 

I.  Analysis  by  Heddle  of  an  altered  diallagic  augite  of  green  colour,  tmciife 
gravity  3*329,  from  Hart  o'  Corry,  Cuchullin  Hills,  Skye  (Trans.  Boy.  Soo.  £din. 
Tol.  xxTiii.  (1879)  p.  479). 

II.  Analysis  by  Haughton  of  augite  from  Ixx^  ScaTaig,  Skye  (Dublin  Quart. 
Joum.  Geol.  Soc.  voL  t.  (1865)  p.  95). 

ni.  Analysis  by  Heddle  of  greyish  green  altered  diallagic  augite  from 
Corrv  na  Creech,  in  the  Ouohollin  Hills,  Skye,  sp.  gr.  3  329  (loc.  cit.), 

Iv.  Analysis  by  Heddle  of  brownish-green  aiaUagic  augite  from  Drum-Da- 
Babn,  in  the  Cuchullin  HiUs,  Skye,  sp.  gr.  3  335. 

V.  Analysis  by  Vom  Bath  of  ^iallase  from  Skye:  see  Bammelsberg,  Hand* 
buch  der  Mineralchemie,  1st  ed.  (I860)  p.  465. 

VL  Analysis  by  Heddle  of  dark-greea  diallagic  augite  from  Looh  Scayaig, 
Skye,  specific  grayity  3*321  (loc,  cit.),    (Iron  estimated  as  ferrous  oxide.) 

These  analyses  show  that  the  black  augite,  which  is  the  meet 
common  constituent  of  the  gabbros  of  the  Western  Isles  has 
a  proportion  of  ferrous  oxide,  varying  from  9  to  14  per  cent.,  while 
that  of  the  green  variety  is  only  about  5  per  oent.  The  lime 
averages  20  per  cent. ;  but  the  proportions  of  alumina  and  magnesia 
are  somewhat  variable.  The  black  varieties  occur  usually  in  crystals, 
which  are  sometimes  of  large  size ;  the  green  varieties  also  form 
similar  crystals  but  sometimes  occur  in  more  or  less  rounded  grains. 

The  rhombic  pyroxenes  are  very  frequently  present  in  these  rocks, 
but  are  in  almost  all  cases  subordinate  to  Uie  monoclinic  forms. 
Owing  to  the  confusion  which  has  arisen  with  respect  to  the  former 
group  of  minerals,  it  will  be  necessary  to  discuss  at  some  length  the 
question  of  the  varieties  which  they  present  in  the  Western  Isles  of 
8cotlaiid.  The  minerals  belonging  to  the  group  of  the  rhombic 
pyroxenes  which  were  fini  made  known  by  mineralogists,  and  were 
describe  under  the  names  of  hyper8thene(paulite),  bronzite,  diaeU- 
site,  and  bastite,  are  all,  as  we  shall  show  hereafter,  in  a  more  or 
less  altered  cpndition — ^the  rhombic  pyroxenes  being  remarkably 
subject  to  cha^ges  of  several  different  kinds.  But  in  Uie  year  1855 
Eengott  discovered  an  unaltered  mineral  of  the  group,  to  which  he 
gave  the  name  of  enstatite  *,  and  in  1862  Desdoiseaux  demonstrated 
that  it  crystallizes  in  the  rhombic  system  f.  Shortly  after  this  period 
other  forms  of  unaltered  rhombic  pyroxenes  were  discovered — proto- 
bastite  by  Streng  $,  meteoric  enstatite  by  Bammdberg  §  and  Story- 

*  Sitzungsb.  Akad.  Wien,  toL  xri.  (1855)  162. 
t  Bull.  Soc.  Geol.  Fr.  ser.  3,  toI.  xxi  p.  135. 
t  Neues  Jahrb.  fiir  Min.  &o.  1802,  p.  513. 
I  Monatsber.  d.  Akad.  Berl.  1861. 
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Maskelyne,  *  amblystegite  bj  Yom  Eaih  t«  and  a  similar  mineral 
from  Mont  Dore  by  Descloiseaux  :|:. 

The  minerals  found  in  an  unaltered  form  at  these  different 
localities  were  at  first  regarded  as  being  excessivelj  rare.  But  in 
1879  Prof.  Fouqu^  showed  that  the  lavas  of  Santorin  contain  in 
great  abundance  an  unaltered  rhombic  pyroxene  which  he  referred 
to  hyper&thene  §.  In  1883,  Mr.  Whitman  Cross  demonstrated  the 
existence  and  wide  distribution  of  a  large  and  important  class  of 
laTas,  distinguished  by  the  presence  in  them  of  a  rhombic  pyroxene 
which  he  also  referred  to  hypersthene  \\,  In  the  same  year  Mr.  Teall 
and  Dr.  Petersen  pointed  out  that  certain  British  rocks  from  the 
Cheviot  Hills  contain  the  same  rhombic  pyroxene  If,  and  these, 
as  shown  by  the  former  author,  are  of  especial  int^erest  as  being 
of  pre-T^rtiary  age.  Subsequent  observations  have  shown  these 
rhombic  pyroxenes  to  be  among  the  most  widely  distributed  of  the 
rock-forming  minerals.  Much  attention  was  directed  to  them  as 
constituting  an  important  constituent  of  the  pumice  thrown  out  by 
Krakatoa  during  its  last  great  eruption ;  and  they  have  been  found 
in  the  lavas  of  South  America,  Java  and  Sumatra,  Japan,  the 
Philippine  Islands,  and  many  other  volcanic  districts. 

Nor  are  the  rhombic  pyroxenes  less  common  among  the  plutonic 
than  among  the  volcanic  rocks.  In  the  Schemnitz  district  the  Ter- 
tiary diorites  and  quartz-diorites^^  fi^uently  contain  a  considerable 
proportion  of  the  rhombic  pyroxene,  which,  as  in  the  associated 
lavas,  has  been  generally  confounded  with  the  hornblende.  Teller 
and  Von  John  have  described  an  interesting  series  of  rocks  of  the 
same  class  from  the  Tyrol'ht,  and  the  diorite  of  Penmaenmawr  has 
been  shown  by  Bosenbusch  and  others  to  be  an  enstatite-diabasej:}:. 

The  rhombic  pyroxenes  are  bisilicates  of  magnesia  and  iron 
(MgO,  EeO)  SiOj,  in  which  the  relative  proportions  of  magnesia  and 
iron  may  vary  to  almost  any  extent.  Lime  is  often  almost  wholly 
absent,  but  appears  to  be  capable  of  replacing,  perhaps  to  a  limited 
extent,  the  other  bases. 

It  is  well  known  that  the  colour,  the  physical  properties,  and  the 
optical  constants  of  varieties  of  the  augites,  the  micas,  and  other 
similar  groups,  are  modified  in  the  most  remarkable  manner  by  the 
quantity  of  ferrous  oxide  or  other  bases  in  their  composition.  But 
in  the  group  of  the  rhombic  pyroxenes  the  variations  in  character 
dependent  on  composition  are  of  the  most  extreme  kind. 

At  one  end  of  the  series  we  have  enstatite  proper,  a  colourless 
mineral  without  trace  of  dichroism  ;  but  as  the  magnesia  is  replaced 

♦  TraoB.  Koj.  Soc  toI.  clx.  p.  204.        t  Poggend.  Ann.  (1869),  cxxrriii.  631. 
t  Manuel  de  Min^ralogie,  tome.  ii.  (1874)  p.  xviii. 


i  Santorin  et  sea  Eruptions  (Paris :  1879). 


Ball.  U.  8.  6^L  SurTej,  no.  L 

%  Oeol  Mag.  Dec.  ii.  toL  x.  (1883)  p.  346.  J.  Petersen,  Mikroekopische 
and  diemische  Untersuchnngen  am  Enstatit-Porphyrit  aus  den  Cberiot  Hills. 
(Kica,  1884). 

•«  See  Quart.  Joam.  Geol.  Soc.  vol.  mii.  (1876)  pp.  292-825. 

tt  Jahrb.  k-k.  geol.  Beichsanst.  vol.  izxii.  (1882)  pp.  589-684. 

Xi  Die  massigen  Gesteine,  p.  352. 
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to  a  greater  extent  by  ferrous  oxide,  the  mineral  becomes  of  a  more 
and  more  pronounced  brown  tint  with  marked  pleochroism.  With 
the  highest  percentage  of  iron  the  mineral  assumes  a  very  dark 
colour,  and  when  examined  in  thin  sections  exhibits  the  most 
startling  pleochroism  (a,  brilliant  red;  6,  duller  red;  c,  bright 
green). 

There  has  arisen  much  confusion  as  to  the  names  which  should 
be  given  to  the  different  varieties  of  the  rhombic  p^Toxenes.  Most 
authors  call  the  non-ferriferous  varieties  "  enstatite,"  the  more 
ferriferous  kinds  "  bronzite,"  and  still  more  highly  ferriferous  forms 
"  hypersthone."  Tschermak  has  proposed  that  varieties  with  less 
than  5  per  cent,  of  ferrous  oxide  should  be  called  enstatite,  those  with 
between  5  and  15  per  cent,  bronzite,  and  those  with  more  than  15 
per  cent,  hypersthene  *.  The  strict  application  of  this  rule  would, 
however,  necessitate  a  chemical  analysis  in  each  ease  before  the 
species  or  variety  could  be  determined. 

As  a  matter  of  fact,  no  two  petrographers  are  agreed  as  to  the 

limits  between  enstatite  and  bronzite,  and  between  the  latter  mineral 

and  hypersthene.     Thus  the  mineral  of  the  andesite  of  the  Cheviot 

Hills,  regarded  by  Mr.  Teall  as  hypersthene,  is,  by  Dr.  Petersen, 

who  carried  on  his  investigations  in  Prof.  Rosenbu8ch*s  laboratory, 

classed  as  bronzite  t.    The  similar  mineral  found  in  the  pumice  of 

Krakatoa  is  called  hypersthene  by  many  authors  and  bronzite  by 

others.    The  minerals  classed  as  enstatite,  bronzite,  and  hypersthene 

respectively  by  RammelsbergJ  do  not  conform  to  the  rule  laid 

down  by  Tschermak  as  to  the  chemical  composition  of  these  varietiee. 

The  gabbros  and  peridotites  of  the  Western  Isles  of  Scotland 

contain  all  the  varieties  of  the  enstatite  group,  in  both  their  altered 

and  their  unaltered  forms  ;  and  these  permit  a  careful  study  of  the 

whole  series  of  minerals.    Through  the  replacement,  to  a  varying 

extent,  of  a  part  of  the  magnesia  by  ferrous  oxide,  very  distinct 

varieties  are  produced  ;  but,  inasmuch  as  the  crystalline  form  remains 

the  same,  it  will  be  convenient  to  treat  the  rhombic  p3rroxene6  like 

the  monoclinic  pyroxenes  ("  augites "),  and  give  them  a  conunon 

name.     I  think  there  can  be  no  doubt  that  the  common  name  f<Nr 

these  rhombic  pyroxenes  should  be  **  enstatite,**  for  this  was   the 

first  uimltered  rhombic  pyroxene  which  was  detected  and  described 

by  mineralogists.     I  believe  that  this  is  also  the  view  taken   by 

Prof.  Rosenbusch. 

As,  however,  the  variation  in  the  relative  proportions  of  magnesia 
and  ferrous  oxides  in  these  minerals  leads  to  such  startling  differences 
in  their  appearance  and  optical  properties,  it  may  be  necessary  to 
use  a  number  of  varietal  names — like  those  employed  in  the  case 
of  the  monoclinic  pyroxenes — diopside,  common  augite,  and  heden- 
bergite. 

As  the  enstatites  were  till  quite  recent  years  entirely  unknown  to 
mineralogists  in  their  unaltered  forms,  a  difficulty  arises  in  seleotinff 

*  Tschermak,  '  Lehrbuch  der  Mineralogie '  (1884X  p.  436. 

t  See  Geol.  Mag.  Dec.  iii.  toI.  i.  (1884)  p.  m 

\  Handbuch  der  Mineralcbemie,  2Dd  ^  1875,  pp.  382-385. 
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appropriate  names  by  which  to  designate  the  seyeral  varieties. 
The  modifications  of  the  ferriferous  enstatites  known  as  bronzite  and 
hypersthene  (panlite)  respectively,  are,  as  I  shall  show  hereafter, 
alteration-prod  acts,  and  the  structures  which  characterize  them  are 
by  no  means  rigidly  confined  to  larieties  of  a  particular  chemical 
composition. 

The  unaltered  crystals  of  the  rhombic  pyroxenes  differ  so  strikingly 
in  their  appearance  and  optical  properties  from  those  of  the  same 
composition  in  an  altered  state,  that  it  is  misleading  to  designate 
them  by  the  same  varietal  name.  Possibly  the  difficulty  may  be 
got  over  by  following  the  example  set  by  Strong  in  the  case  of 
bastite,  and  calling  the  unaltered  forms  of  the  minerals  bronzite 
and  hypersthene  respectively  proto-bronzite  and  proto-hypersthene. 
Accepting  also  the  ordinary  convention,  that  the  name  bronzite 
belongs  to  the  less  ferriferous,  and  the  name  h}^ersthene  to  the 
most  ferriferous  varieties,  wo  may  then  perhaps  indicate  the  chief 
types  of  the  unaltered  rhombic  pyroxenes  as  follows : — 

(1)  Non-ferriferous  enstatite  (enstatite  proper)  containing  less 
than  6  per  cent,  of  ferrous  oxide.  A  colourless  or  nearly  colourless 
mineral  destitute  of  pleochroism.  Hardness  5  to  5*5.  Specific 
gravity  3-1  to  32. 

(2)  Ferriferous  enstatite  (proto-bronzite).  With  a  percentage 
of  ferrous  oxide  ranging  from  6  to  15.  Pale  coloured,  with  feeble 
pleochroism.     Hardness  about  5*6.     Specific  gravity  3*2  to  3*3. 

(3)  Highly  ferriferous  enstatite  (proto-hypersthene).  With  a 
percentage  of  ferrous  oxide  ranging  from  15  to  25.  Darker  coloured, 
with  strong  pleochroism.  Hardness  about  6.  Specific  gravity  3*3 
to  3-4. 

(4)  Excessively  ferriferous  enstatite  (amblystegite).  With  a 
percentage  of  ferrous  oxide  ranging  from  25  to  35.  Dark  coloured, 
with  intense  pleochroism  (colours  from  deep  red  to  vivid  blue-green). 
Hardness  6  to  7.     Specific  gravity  3*4  to  3*5. 

While  the  crystalline  forms  and  the  goniometric  measurements 
show  no  differences  in  these  several  varieties,  the  positions  of  the 
optic  axes  and  other  characters  undergo  great  modifications  ac- 
cordiDg  to  their  chemical  composition. 

The  last  named  of  these  varieties  of  the  enstatite  group  has  not 
received  the  attention  which  it  deserves.  1  have  recently  found 
that  it  occurs  by  no  means  rarely  as  a  rock-constituent.  Not  only 
is  it  found,  both  in  its  unaltered  and  in  its  altered  state,  in  the 
gabbros  of  the  Western  Isles  of  Scotland,  but  it  occurs  in  the  Newer 
Palfieozoic  lavas  of  Forfarshire  and  in  the  diorites  of  western 
Sutherland  *.  It  is  a  widely  distributed  mineral,  for  I  have  found 
it  in  rocks  from  Norway,  Saxony,  southern  India,  western  Africa, 
and  the  Solomon  Islands,  forming  an  important  constituent  of 
gabbros,  diorites,  quartz-diorites,  andesites,  and  certain  interesting 
ultra-basic  rocks,  while  it  appears  to  be  almost  always  present, 

•  [I  am  indebted  to  my  friend  Mr.  Teall  for  calling  my  attention,  since 
the  reading  of  this  paper,  to  the  rocks  of  this  and  several  other  localities  in 
which  the  mineral  in  question  occurs.] 
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sometimes  in  considerable  quantities,  in  the  so-called  trap-grannlites, 
the  diallage-granulites,  and  other  similar  rooks  all  over  the  globe. 

The  analyses  which  have  been  made  of  these  excessively  ferriferous 
enstatites  are  as  follows : — 

m. 

51-348 

33^24 

11-092 
l-83ft 
0-500 


Silica    

Alumina  

Ferrous  oxide 

L 

49-80 

5^5 

25-60 

17-70 
015 

II. 
48-2 

28-4 

Manganous  oxide    ... 

Magnesia 

Xiime    

5-2 

16-7 

1*5 

Water  

98-30  lOOH)  98-700 

I.  Is  the  analysis  by  Yom  Bath  of  the  origmal  "  amUjstegite  **  of  the  LMcher 
See.    (Pogg.  Ann.  cxxxviii.  (1869),  p.  531.) 
;  of  tne  C 


IL  Is  an  analysis  by  Laurent  of  the  dark-oolonred  enstatite  found  in  caritifls 
of  a  rook  enclosed  in  the  trachyte  of  the  Rocher  du  Capucin,  Mont  Don, 
quoted  by  Desdoiseaux  (Bianuel  de  Min^ralogie,  tome  ii  p.  XTiii.). 

III.  Is  the  analysis  of  the  altered  form  of  the  same  mineral,  which  will  be 
referred  to  hereafter  as  occurring  at  Loch  Ooruiskb,  in  Skye.  The  analyatwaa 
made  by  Muir  and  published  by  Thomson  ('  Outlines  of  Mineralorr/  2&d  ed. 
(1822).  voL  L  p.  202. 

Although  Prof.  Yom  Rath  withdrew  his  name  of ''  amblystegite  ^ 
when  he  found  from  Von  Long's  researches  that  all  the  planes  of 
its  crystals  were  represented  in  the  enstatite  of  the  Breitenbach 
meteorite  *,  yet  if  it  be  necessary  to  have  a  varietal  name  for  these 
excessively  ferriferous  and  strongly  pleochroic  enstatites,  it  would 
seem  desirable  to  revive  this  term  rather  than  to  invent  a  new  one. 

The  amblystegites  differ  from  the  ordinary  hypersthenes  in  their 
unaltered  state  (proto-hypersthenes)  quite  as  strikingly  as  do  the 
latter  minerals  from  the  unaltered  bronzites  (proto-bronzites),  or  as 
these  last  do  from  the  enstatites  proper.  In  microscopic  sections  of 
rocks  the  wonderfully  vivid  pleochroism,  which  gives  rise  to  colours 
varying  fh>m  a  rich  garnet  red  to  a  vivid  blue-green,  is  its  most 
striking  characteristic,  and  serves  to  distinguish  it  from  all  other 
rock-forming  minerals.  The  only  other  rhombic  mineral  with 
characters  which  at  all  approach  it  is  andalusite ;  but  in  practice  the 
distinction  of  these  two  minerals  is  perfectly  easy. 

Among  the  remarkably  fresh  minerals  of  the  Tertiary  gabbros  and 
peridotites  it  is  possible  to  recognize  all  the  varieties  of  the  enstatite 
group. 

In  the  island  of  Rum,  we  find  a  perfectly  colourless  rhombie 
pyroxene,  occurring  in  irregular  grains  with  a  colourless  oUrine 
and  the  brilliant  green  diopside  already  described.  In  its  perfectly 
fresh  condition  this  enstatite  can  only  be  discriminated  from  olivine, 
also  a  rhombic  mineral,  with  the  greatest  difficulty.  The  fine 
striation  relied  upon  for  the  distinction  of  the  two  species  is  a 

»  Neues  Jahrb.  fiir  Biin.  &c.  1871,  p.  642. 
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resnlt  of  alteration,  and  is  not  found  in  perfectly  fresh  forms  of  the 
mineral.  In  some  cases  1  have  only  been  able  to  verify  the  presence 
of  enstatite  by  a  micro-chemical  method.  In  thin  slices  and  in  the 
powder  of  the  rock  the  olivine  is  attacked  by  long  digestion  in  strong 
hydrochloric  acid,  while  the  enstatite  remains  unchanged. 

In  other  districts  of  the  Western  Isles  of  Scotland  we  find  more 
ferriferous  varieties  of  enstatite  which  must  be  referred  to  proto- 
bronzite  and  proto-hypersthene.  Usually,  these  are  in  a  more  or  less 
altered  condition.  In  very  few  cases,  so  far  as  I  have  seen,  is 
the  enstatite  the  principal  pyroxenic  constituent  of  the  rock,  but  it 
is  subordinate  to  the  augite.  In  small  patches  of  these  rocks,  how- 
ever, the  augite  may  become  subordinate  to  the  enstatite,  while 
occasionally  the  former  mineral  may  be  altogether  wanting,  the  rock 
thus  passing  into  a  norite  or  hypersthenite. 

Occasionally  the  dark  colour  of  the  mineral,  when  seen  in  the 
thinnest  sections  by  transmitted  light,  and  its  strikingly  vivid  pleo- 
ohroism,  indicate  that  we  are  dealing  with  the  excessively  pleochroic 
enstatite,  amblystegite  (see  PL  XI.  fig.  7).  That  Macculloch  was 
acquainted  with  the  altered  forms  of  the  enstatite  iu  these  rocks, 
I  have  the  clearest  evidence.  A  specimen  given  by  Macculloch 
to  the  late  Mr.  Majendie  passed  into  the  hands  of  Mr.  Warington 
iSmyth,  and  by  him  was  placed  in  the  collection  of  the  Normal 
School  of  Science  and  Royal  School  of  Mines.  An  examination  of 
the  optical  properties  of  this  specimen  shows  it  to  be  a  rhombic 
and  not  a  monodinic  pyroxene. 

Intergrowths  of  the  monoclinic  and  rhombic  pyroxenes  occur  not 
nnfrequently  in  the  gabbros  and  peridotites  of  the  Western  Isles  of 
Scotland,  and  crystals  of  the  one  mineral  are  sometimes  found 
enclosed  in  the  other.  I  have  not,  however,  detected  examples  of 
the  twin-intergrowths  of  the  two  minerals  described  by  Trippke  *. 

The  Olivines  of  the  gabbros  and  peridotites  of  the  Western  Isles 
of  Scotland  appear,  like  the  associated  augites  and  enstatites,  to  belong, 
in  some  cases,  to  the  most  highly  ferriferous  varieties.  Seen  in 
thin  sections  under  the  microscope,  these  olivines  are  often  found 
to  be  by  no  means  colourless,  like  most  of  the  olivine  of  basalts, 
but  exhibit  a  yellow  tint  similar  to,  but  not  so  intense  as,  the 
tint  of  the  fayalite  in  eidysite.  Such  deep-coloured  olivines  are 
abundant  in  the  Shiant  Isles. 

Some  of  the  olivines  of  these  rocks  are  perfectly  fresh  and  un- 
weathered,  but  occasionally  the  mineral  shows  incipient  traces  of 
serpentinization  along  its  cracks.  Occasionally  another  kind  of 
change  has  taken  place  resulting  in  the  mineral  acquiring  a  yellow 
tint  along  its  fissures,  which  causes  it  to  assume  the  colour  and 
aspect  of  chondrodite.  Similarly  altered  forms  of  olivine  from  the 
Elaiserstiihl  have  received  the  names  of  "  chusite  "  and  "  limbelite  '^ 
An  analysis  of  this  curiously  altered  olivine  from  the  summit  of 
Halival  in  the  island  of  Bum,  was  made  by  Dr.  Heddle  and  is  as 
follows  t  (its  specific  gravity  was  found  to  be  3*327) : — 

♦  Neuea  Jahrb.  fur  Min.  &c.  1878,  p.  673. 
t  Mineralogical  Magazine,  vol.  v.  (1884)  p.  16. 
a  J- G.  8.  No.  163.  2d 
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Silica 38-006 

Alumina     0-286 

Ferric  oxide 2-933 

Ferrous  oxide    18-703 

Manganous  oxide 0-100 

Lime 0-336 

Magnesia   38-000 

Water    1-587 


99-945 


This  analysis  indicates  a  very  ferriferous  olivine  approaching  in 
composition  to  the  variety  known  as  hyalosiderite. 

7%e  Spimllids, — Among  the  essential  minerals  of  these  rocks  are 
the  minerals  which  have  been  grouped  by  Fouqu^  and  Levy  under 
the  convenient  name  of  the  spinellids,  namely  magnetite,  chromite, 
and  picotite.  These  minerals,  which  are  isomorphous,  have  now 
been  shown  to  pass  into  one  another,  by  insensible  gradations  as  the 
proportion  of  chromic  add  varies  *.  The  first  is  opaque,  the  two 
others  more  or  less  translucent  and  of  a  brown  colour.  Magne- 
tite is  the  mineral  which  is  usually  found  in  the  gabbros  ;  chromite 
and  picotite  in  the  peridotites. 

It  may  be  mentioned  that,  as  has  been  proved  by  Dr.  Hodgkinson, 
of  the  Normal  School  of  Science,  all  these  rocks  contain  copper. 
It  is  probable  that  nickel  and  cobalt  are  also  present  in  varying 
quantities,  as  well  as  chromium,  manganese  and  iron ;  but  in 
ordinary  analyses  no  attempt  is  made  to  isolate  the  oxides  of  these 
metals. 

Biotite — represented  usually  by  a  highly  ferriferous  and  very 
dichroic  variety,  is  among  the  most  common  of  the  accessory  minerals 
of  these  rocks  ;  in  some  cases  it  becomes  so  abundant  as  to  deserve 
to  be  regarded  as  an  essential  constituent  of  the  rock. 

Metallic  Iron. — By  the  employment  of  Prof.  Andrew's  method, 
Mr.  J.  T.  Buchanan  has  succeeded  in  proving  that  some  of  the  iron 
in  the  gabbros  of  the  Western  Isles  of  Scotland  is  in  a  metallic 
condition. 

§  4.  The  Chakoes  which  the  Minerals  of  thbbe  Rocks  have 

UNDEROONE  AT  GrEAT  DePTHS  FROM  THE  SuRFACE. 

The  great  intrusive  masses  of  the  West  of  Scotland  are  of  especial 
interest  to  geologists,  inasmuch  as  they  afibrd  us  an  opportunity  of 
studying  the  conditions  assumed  by  the  same  minerals  ond^ 
varying  conditions  of  depth  and  pressure. 

The  intrusions  of  basic  rocks  in  Mull,  Ardnamurcban,  Rum,  and 
Skye  were  originally  of  ver>'  different  dimensions,  those  of  Skje  and 
Aidnamurchan  being  the  largest,  that  of  Mull  coming  next  in  siie, 

*  Benard,  R«p.  Voyage  H.M.8.  *  Challenger,*  voL  ii.,  NarratiTe,  *'  On  the 
Petrology  of  the  Rocks  of  St.  Paul,"  p.  10 ;  Wadsworth,  Mem.  Mas.  Gomp. 
Zool.  arrard,  voL  xi.  (1884)  p.  17a 
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while  that  of  Bom  is  the  smallest  among  the  principal  yoloanic 
centres.  Of  still  smaller  intrusive  masses,  however,  we  have 
many  examples,  among  which  may  be  specially  mentioned  those  of 
Sarsta  Beinn  in  Mull,  and  the  Shiant  Isles,  north  of  8kye. 

These  intrusive  masses  are  fully  exposed  to  our  study,  even  their 
central  portions  being  laid  bare  by  denudation;  and  the  results 
obtained  by  a  comparative  study,  by  the  aid  of  the  microscope,  of 
examples  derived  from  corresponding  portions  of  masses  of  different 
size  and  of  different  portions  of  same  mass,,  are  of  very  great 
interest. 

If  my  interpretation  of  the  geological  structure  of  the  district  be 
correct,  it  is  a  necessary  inference  that  while  the  rocks  of  the  Cuchullin 
TTillg  of  Skye  about  Loch  Coruiskh,  and  those  forming  the  western 
extremity  of  Ardnamurchan,  once  existed  at  a  great  depth  from  the 
surface  of  the  volcanoes  of  which  they  formed  a  part,  the  similar  rocks 
forming  the  mountain  masses  of  Mull  and  Eum  existed  at  a  smaller 
depth  and  under  less  pressure.  Now  I  shedl  show  that  the  several 
minerals  of  these  rocks,  when  they  have  formed  parts  of  masses  at 
great  depths  from  the  original  surface,  often  exhibit  very  striking 
and  suggestive  differences  in  their  characters  from  those  which 
have  existed  at  smaller  depths. 

It  will  further  be  demonstrated  that  a  precisely  similar  series  of 
differences  can  be  traced  when  the  several  minerals  are  followed 
from  the  more  superficial  to  the  more  profound  portions  of  each 
intrusive  mass. 

We  shall  describe  minutely  these  changes  in  the  case  of  each  of 
the  minerals  forming  these  rocks.  In  these  Tertiary  rocks  the 
question  is  fortunately  not  complicated  or  obscured  by  alterations 
which  have  been  set  up  by  weathering  action ;  for,  as  a  rule,  the 
minerals  are  strikingly  fresh  and  unaltered. 

T7u  Felspars. — The  felspars  of  the  more  superficial  portions  of  the 
intrusive  masses,  and  also  those  in  the  smaller  intrusions  and 
apophyses,  are  usually  remarkable  for  their  strikingly  clear  and  fresh 
appearance.  Under  the  highest  powers  of  the  microscope  they  are 
seen  to  be  traversed  by  many  fine  cracks,  while  a  few  cavities,  some 
of  which  contain  liquids  with  moving  bubbles,  are  scattered  through 
them.  In  such  cases  it  may  perhaps  be  inferred  that  the  cavities 
were  formed  during  the  original  development  of  the  crystal,  and 
that  the  cracks  are  due  to  the  contraction  of  the  mass  during  its 
cooling  from  its  original  high  temperature. 

In  the  felspars  of  rock-masses  which  were  originally  more  deeply 
seated,  this  perfect  deamess  seems  to  be  quite  lost.  Cavities, 
some  of  which  contain  liquid  with  spontaneously  moving  bubbles, 
are  present  in  enormous  abundance.  Prof.  Zirkel  has  already  re- 
marked on  the  extraordinary  abundance  of  such  enclosures  in  the 
felspars  of  the  gabbros  of  MuU*.  What  is  of  especial  interest 
however,  is  the  frict  that  these  cavities  in  many  cases  are  seen  to  lie 
in  fissures,  or  in  bands  parallel  to  fissures,  in  the  crystal,  and  to 
be  connected  by  minute  ramifying  tubular  processes.  In  many 
*   Zeitachr.  d.  deutsoh.  geoL  Gesell.  voU  xxiii.  (1871)  p.  59. 
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cases,  where  no  fissures  can  be  detected,  we  find  the  crowding  of 
cavities  along  hands  similar  to  those  which  accompany  the  actual 
cracks.  The  explanation  which  I  would  propose  to  account  for 
these  interesting  appearances  is  as  follows : — When  any  part  of  a 
crystal  is  subjected  to  abnormal  strain  (and  that  such  strains,  re- 
sulting eventually  in  the  fracture  of  the  crystals,  must  be  constantly 
set  up  in  rock-masses  is  evident),  then,  according  to  a  well-known 
physical  principle,  solvent  action  will  be  promoted  along  such  bands 
of  strain,  and  cavities  containing  liquids  will  be  formed.  Subae- 
quently,  and  perhaps  partly  in  consequence  of  the  formation  of  the 
numarous  cavities,  actual  rupture  may  take  place  along  this  band, 
which  was  first  a  plane  of  strain,  and  which,  by  the  solvent  action, 
has  been  ccftiverted  into  a  plane  of  weakness  in  the  crystal.  This 
explanation  also  accounts  for  the  fact  that  the  same  band  of  cracks 
may  be  found  traversing  a  number  of  adjacent  crystals  in  a  rock. 
Similar  facts  have  been  noticed  by  Vogelsang,  Kalkowsky,  Jnllyan, 
Phillips,  and  other  authors  (see  PI.  X.  fig.  2).  In  some  cases  the 
liquid-enclosures  are  so  numerous  that  the  supersaturated  solutions 
in  them  can  be  detected  by  chemical  methods.  If  a  crystal  fiill  of 
liquid-enclosures  be  carefully  washed  and,  after  being  crushed, 
treated  with  distilled  water,  the  liberated  sulphates  and  chlorides 
will  give  distinct  precipitates  with  chloride  of  barium  and  nitrate  of 
silver.  In  many  cases  the  enclosures  are  now  seen  to  be  filled  up 
with  solid  substances,  as  was  pointed  out  to  be  the  case  in  the  rocks 
of  Brittany  by  Mr.  C.  Whitman  Cross  •  (PL  X.  fig.  3). 

At  still  greater  depths,  as  in  the  rocks  of  the  Cuchullin  Hills  and 
the  western  extremity  of  Ardnamurchan,  a  more  or  less  complicated 
avanturine  structure  is  exhibited  by  the  felspar.  Minute  black  rods 
and  plates  are  seen  to  be  developed  along  one,  two,  three,  four,  or 
even  more  planes  within  the  crystal.  The  planes  along  which 
these  enclosures  are  formed  appear  to  be  parallel  to  the  macropina- 
coid,  the  brachypinacoid,  the  two  prism-faces  and  the  basal  plane 
(see  PI.  X.  figs.  4,  5,  6)  ;  and  the  planes  exhibiting  these  pecu- 
liarities appear  to  be  affected  in  the  order  in  which  we  have  named 
them. 

The  dimensions  of  these  brown  rods  and  plates,  enclosed  in  the 
felspar  crystals,  vary  within  very  wide  limits.  Occasionally  they 
are  sufficiently  large  to  be  seen  by  the  naked  eye ;  usually  they  are 
of  microscopic  dimensions,  while  they  sometimes  require  the  use  of 
the  very  highest  powers  to  discriminate  their  forms  and  eharactera. 

Ill  Ardnamurchan  and  Skye  we  find  examples  of  gabbros  in 
which  the  felspars  exhibit  a  brown  tint,  and  in  thin  section  the 
colour  of  the  crystals  is  seen  to  be  due  to  the  existence  of  nebnloos 
masses  of  foreign  materials  distributed  irregularly  through  them. 
The  highest  microscopic  objectives  at  my  command  only  just  serve 
to  partially  resolve  these  nebulous  masses  into  series  of  rods  and 
plates,  arranged  along  certain  planes  within  the  crystal,  and  cvnly 
distinguished  from  those  already  described  by  their  smaller  dimen- 
sions (see  PI.  X.  fig.  7). 

*  Min.  und  petr.  Mitth.  voL  iii.  (1880)  p.  374. 
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From  these  inclasions,  which  are  of  such  minuteness  as  only  to 
be  imperfectly  seen  with  the  highest  powers  of  the  microscope,  it  is 
easy  to  make  the  transition  to  others  which  are  absolutely  ultra- 
microscopical,  but  which  can  be  detected  by  the  effect  which  they 
produce  on  the  light-waves  that  traverse  the  crystal. 

In  this  way  we  are  led  to  the  understanding  and  interpretation 
of  another  peculiarity  possessed  by  the  felspars  in  the  most  deeply 
seated  masses,  which  is  especially  worthy  of  notice.  Such  felspars 
not  unfrequently  display  the  cJuitoyatU  effects  so  characteristic  of 
some  of  the  labradorite  from  Labrador,  while  the  felspars  formed  at 
less  depths  never  exhibit  this  peculiarity. 

According  to  Breithaupt,  the  labradorite  exhibiting  a  play  of 
colours  has  a  different  density  from  the  varieties  without  that 
peculiarity ;  and  Von  Bonsdorf  has  shown*  that  while  the  former  has 
a  percentage  of  silica  of  67,  the  latter  has  one  of  only  62. 

The  researches  of  Reuschf,  Schrauf +,  and  many  other  investigators 
have  shown  that  this  play  of  colours  is  due  to  a  series  of  thin  plates, 
developed  along  certain  planes  within  the  crystal.  These  plates 
appear  to  be  of  ultra-microscopical  dimensions,  but  by  producing 
interference  give  rise  to  the  exquisite  play  of  colour  exhibited  by 
brachydiagonal  sections  of  the  crystal  when  held  in  certain  positions. 
Although  it  is  impossible  to  trace  the  structure  to  which  this 
peculiarity  is  due  by  means  of  the  microscope,  yet  the  circumstance 
of  its  being  exhibited  only  in  the  felspar  of  deep-seated  rocks  is  of 
great  significance  when  considered  in  connexion  with  the  other 
phenomena  which  we  have  just  described. 

By  the  study  of  a  large  number  of  examples,  it  is  clearly  seen  that 
these  changes  are  quite  independent  of  the  passage  through  the 
orystals  of  water  from  the  surface,  which  produces  kaolinization,  and 
sometimes  leads  to  the  penetration  of  scrpentinous  and  other  decom- 
position-products, along  lines  of  fissures  into  the  interior  of  the  felspar 
crystals.  These  and  other  important  alterations  which  have  been 
auperinduced  in  the  felspar-crystals  of  these  deep-seated  rocks,  sub- 
sequently to  their  original  formation,  we  hope  to  discuss  in  a  future 
paper.  The  different  changes  we  have  been  describing,  like  the 
analogous  ones  in  the  pyroxenes  and  olivines,  are,  however,  clearly 
related  to  the  depth  from  the  surface  at  which  the  rocks  were 
originally  situated,  the  greatest  change  being  in  every  case  displayed 
by  the  most  deeply  seated  rock-masses. 

The  Pyroxenes, — Both  the  monoclinic  pyroxenes  (augites)  and  the 
rhombic  pyroxenes  (enstatites)  exhibit  in  a  very  striking  manner 
the  effects  of  alteration  when  they  form  parts  of  rock-masses 
originally  situated  at  great  depths  from  the  surface. 

By  the  old  German  miners  the  name  of  "  Schiller-spar "  was 
jpLven  to  those  mineral  substances  which  exhibit  a  "Schiller"  or 
sheen,  i.e.  a  submetallic  reflection  when  the  crystal  is  held  in 
certain  positions.     Freiesleben  and  the  early  German  mineralogists 

»  Jahrb.  fiir  Min.  &c.  (1838)  p.  (581. 

t  Poggend.  Ann,  vol.  cxTi.  ic. 

}  Sitzungsb.  der  k.  k.  Akad.  Wien,  vol.  ht.  (1869). 
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adopted  the  term  "  Schiller-spar  ^  as  the  name  of  a  mineral  species  ; 
but  Breithaupt,  Haidinger,  and  Haiiy,  by  dividing  the  Schiller-spars 
into  species  like  diallage,  diaclase,  bastite,  and  hypersthene,  showed 
that  they  had  recognized  the  fact  that  many  different  minerals  may 
exhibit  the  peculiar  reflection  of  Schiller-spar. 

It  is  now  recognized  that  many  varieties,  both  of  the  monoclinic 
and  of  the  rhombic  pyroxenes,  under  certain  circumstances,  may 
exhibit  this  peculiar  appearance.  The  different  kinds  of  pjroxene, 
with  the  corresponding  "  Schiller "  varieties,  may  be  dassed  as 
follows : — 


Unaltered  forms.  "  Schiller "  varieties.  More  altered  form. 
I  Enstatite  proper.            Diaclasite  ?  Talc  (?) 

EnstatitbsJ  Proto-bronzite.  Bronzite.         1  BMlit«- 

.  Amblystegite.  Hypersthene. 


AUGITE, 

Monoclinic 


Kte'^proper.l  Biallage  and  Green  ditlla^, 

Hedenbergite.  J  Pseudo-hyperathene.         Smaragdite.  Ac- 

The  "  Schiller  "-varieties  of  pyroxenes,  when  examined  in  thin 
sections  under  the  microscope,  are  seen  to  owe  their  peculiar  appear- 
ance to  the  presence  in  them  of  a  great  number  of  enclosures,  in  the 
form  of  thin  plates  or  delicate  rods,  arranged  along  one  or  more  sete 
of  parallel  planes  within  the  crystal.  When  the  crystals  are  held 
in  certain  positions,  the  numerous  enclosures,  which  exhibit  various 
grey,  yellow,  and  brown  tints,  and  possess  a  submetallic  lustre, 
reflect  the  light  traversing  the  transparent  portions  of  the  crystal, 
and  by  this  reflection  give  rise  to  the  *'  Schiller  "  phenomenon. 

The  crystals  of  augite  like  those  of  felspar  exhibit  the  first  traces 
of  alteration  along  the  incipient  cracks,  whether  due  to  cleavage  or 
other  causes,  which  traverse  them.  Along  these  incipient  cracks 
and  in  bands  parallel  with  them,  cavities  make  their  appearance, 
some  of  these  cavities  containing  liquids  with  moving  bubbles,  while 
others  enclose  solid  materials  (see  PI.  XI.  fig.  1).  While  the 
augites  of  the  superficial  rocks  contain  but  few  of  these  endosores, 
they  become  exceedingly  numerous  as  we  trace  the.  augite  crystals 
to  greater  distances  from  the  original  surface.  It  is  therefore 
impossible  to  doubt  that  these  cavities  formed  in  networks  along 
the  incipient  cracks  of  the  crystal  are,  like  the  similar  ones  de- 
scribed in  the  felspars,  of  secondary  origin.  They  have  probably 
been  formed  by  the  solvent  action  of  the  fluids  whidi  now  fill  them, 
acting  under  the  enormous  pressures  consequent  on  their  original 
depth  from  the  surface. 

Both  the  green  augites  (diopside)  and  the  black  varieties  (common 
augite)  of  the  Western  Isles  of  Scotland  are  found,  when  traced  into 
the  more  deeply  seated  masses,  to  pass  gradually  into  the  ^^  Schiller  ** 
varieties  known  as  diallage  and  pseudo-hypersthene.  That  this  is 
the  result  of  a  secondary  modification  is  proved  by  the  fact  that  the 
alteration  of  the  crystals  is  seen  in  many  cases  to  be  confined  to 
their  outer  portions,  so  that  a  nucleus  of  ordinary  augite  is  sor- 
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rounded  by  a  shell  of  diallage  (see  PL  XI.  fig.  3) ;  in  other  cases 
the  alteration  of  the  augite  into  diallage  is  seen  to  take  place 
along  cracks,  due  to  cleavage  or  other  causes,  which  intersect  the 
crystal  (see  PI.  XI.  fig.  6) ;  in  other  cases,  again,  the  alteration 
into  diallage  is  found  to  occur  in  irregular  patches  within  the 
augite,  though  the  cause  of  the  distribution  of  these  altered  patches 
may  not  be  manifest  from  a  stady  of  the  thin  section. 

Although  the  alteration  of  the  augite  may  be  set  up  along  the 
deavage-cracks  of  the  crystals,  yet  the  position  of  the  brown 
enclosures  bears  no  relation  to  the  principal  (prismatic)  planes  of 
cleavage  in  the  mineral.  On  the  contrary,  the  enclosures  appear  to 
be  developed  in  planes  parallel  to  the  orthopinaooid  planes,  in  which 
only  a  very  imperfect  cleavage  exists  in  augite  *. 

In  the  island  of  Bum,  the  augite,  though  exhibiting  the  first  traces 
of  the  development  of  the  structure  which  is  characteristic  of  diallage, 
is  seldom  so  far  altered  as  to  deserve  being  called  by  that  name. 
In  the  larger  igneous  masses  of  Mull,  the  augite  in  all  the  central 
portions  is  in  the  condition  of  diallage,  as  was  pointed  out  by  Zirkel. 
Between  rocks  in  which  the  augite  is  entirely  unaltered,  and  those 
in  which  it  is  completely  transformed  into  diallage,  every  possible 
transition  may  be  found. 

In  the  central  portions  of  the  largest  intrusive  masses,  those  of 
Skye  and  Ardnamurchan,  the  augite  exhibits  a  still  further  modifi- 
cation. In  addition  to  the  enclosures  along  the  planes  parallel  with 
the  orthopinaooid,  other  enclosures  make  their  appearance  in  planes 
cutting  these  at  an  angle  of  87j{°,  or  parallel  with  the  clinopinacoid. 
The  ordinary  sections  in  which  these  two  sets  of  enclosures  are  seen 
intersecting  one  another  at  different  angles,  according  to  the 
direction  in  which  the  sections  traverse  the  crystals,  present  a 
singular  "  cross-hatched  "  appearance  ;  but  it  is  easy  to  trace  ever}^ 
gradation  from  the  variety  with  enclosures  developed  along  one  set 
of  planes,  to  that  in  which  they  appear  along  two  sets  of  planes. 
Fr^uently  another  set  of  enclosures  may  be  detected  as  making  their 
appearance  along  a  third  set  of  planes,  which  appear  to  be  parallel 
to  the  basal  plane  t  (see  PI.  XI.  figs.  4  &  6). 

It  is  especially  noteworthy  that  the  colour,  lustre,  and  general 

*  The  curious  aujrite  of  the  Whin  Sill,  described  by  Mr.  Teall  (Quart  Jounu 
(Jeol.  Soc.  vol.  xl,  (lfe4)  pp.  647-650)  as  presenting  a  foliated  structure  parallel 
to  the  basal  plane,  not  improbably  owes  its  peculiarity,  as  suggested  by  Prof. 
Bosenbusch,  to  an  intergrowth  of  different  minerals,  or  possibly  to  lamellar 
twinning  on  those  planes  of  ultra-microscopical  dimensions.  (See  also  Vom 
Bath,  ^itschr.  fur  Krystell.  Ac.,  vol.  v.  (1881)  p.  496.)  Prof.  Bosenbusch 
is  inclined  to  regard  the  foliation  of  diallage  as  connected  with  the  existence  of 
lamellar  twinning  parallel  to  the  orthopinacoid  (Mikroskopisohe  Phjsiographie, 
Tol.  i.  p.  303),  a  view  which  does  not  appear  to  be  shared  oy  most  other  petro- 
sraphers.  The  enclosures  in  planes  parallel  to  the  orthopinaooid  in  augite, 
raoogh  the  first  formed,  usually  exhibit  a  tendency  to  indefiniteness  and  irregu 
larity  not  seen  in  those  parallel  to  the  clinopinacoid  and  the  basal  plane. 

t  Tschermak  has  pointed  out  that  the  foliation-planes  in  diallage  sometimes 
deriate  by  as  much  as  !&*  from  the  true  orthopinacoid,  and  suggests  that  this 
may  be  the  result  of  pressure.  A  similar  but  smaller  divergence  from  sym- 
metrical development  of  the  foliation  planes  is  said  to  occur  in  hypersthene. 
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asjiect  of  the  augito-crystals  is  completely  altered  by  the  development 
within  them  of  these  enclosures.  The  green  and  black  augite 
acquires  a  greyish  or  brownish  grey  tint  and  a  submetallic  lustre 
along  the  planes  of  foliation.  In  this  condition  diallage  is  exactly 
analogous  to  bronzito  in  the  series  of  rhombic  pyroxenes.  These 
characters  appear  to  be  intensified  by  weathering  action,  which  seems 
to  act  with  great  facility  along  the  planes  of  foliation,  giving  rise  to 
the  formation  of  laminse  of  calcite  and  other  secondary  minerals, 
as  was  pointed  out  both  by  Tschermak  and  Borick^-.  Under  these 
circumstances  the  green  variety  of  diallage  has  its  origin  in  a  partial 
conversion  of  the  augite-substance  into  hornblende,  with  other 
accompanying  changes. 

The  development  of  two  or  three  sets  of  enclosures  in  mutually 
intersecting  planes  causes  the  crystals  of  augite  to  acquire  the  deep- 
brown  tint  and  the  bronzy  lustre  of  common  hypersthene  (paolite). 
In  this  condition  the  mineral  has  received  from  Dana  the  name  of 
**  pseudo-hypersthene."  In  its  microscopic  characters,  no  leas  than  in 
its  colour  and  lustre,  it  exhibits  such  a  striking  resemblance  to  the 
altered  forms  of  the  rhombic  ferriferous  enstatites  (the  substance  to 
which  the  name  of  hypersthene  was  originally  applied)  that  we 
may  cite  it  as  a  very  remarkable  example  of  mimicry  in  the  mineral 
kingdom. 

The  enstatites,  and  especially  their  more  ferriferous  varieties, 
exhibit  the  same  development  of  enclosures  along  certain  planes 
which  is  found  among  the  augites.  Sometimes  one  such  set  of 
planes  is  developed,  and  the  result  is  a  mineral  identical  in  character 
with  the  bronzites  and  bastitcs ;  at  other  times  two  or  more  sets 
of  such  enclosures  are  developed  along  mutually  intersecting  planes, 
resulting  in  an  appearance  like  that  of  the  typical  Labrador  hyper- 
sthene or  paulite.  As  already  pointed  out,  such  a  variety  was 
certainly  collected  by  Macculloch  in  the  Cuchullin  Hills  of  Skye,  and 
the  same  mineral  was  probably  analyzed  by  Muir. 

In  the  rock  of  Coruiskh  the  very  highly  ferriferous  enstatite  (ambly- 
stcgite)  occasionally  occurs  in  a  perfectly  unaltered  state.  It  then 
appears  as  a  mineral  of  a  rich  brown  colour,  which,  in  thin  sections, 
shows  the  striking  diohroism  already  referred  to,  the  colours  changing 
from  a  rich  garnet-red  to  blue-green.  In  other  crystals,  howevw, 
the  commencement  of  change  is  exhibited  by  the  development  of 
enclosures  along  planes  parcel  to  the  brachypinacoid  (see  PL  XL 
fi^.  9).  The  ferriferous  enstatites  having  one  set  of  interpo- 
sitions developed  within  them,  exhibit  the  submetallic  reflections 
and  the  striated  appearance  under  the  microscope  so  characteristic  d 
diallage.  It  is  not  surprising  therefore  that  the  foliated  enstatite 
(bronzite)  and  the  foliated  augite  (diallage)  have  been  so  frequentlj 
mistaken  for  one  another. 

In  many  cases  a  second,  third,  and  even  a  fourth  set  of  endosores 
are  seen  to  be  developed  within  the  enstatite  cr3r8tal6,  in  planes 
parallel  to  the  macropinacoid,  and  the  prismatic  faces  (see  PL  XI. 
fig.  8).  We  thus  get  the  structure  produced  which  is  so  well 
known  as  being  characteristic  of  the  original  hypersthene  (paolite) 
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of  Labrador.  The  development  of  the  additional  series  of  enclosures 
causes  the  mineral  to  assume  a  much  darker  brown  tint,  while  the 
submetallio  reflections  become  less  pronounced. 

It  does  not,  however,  appear  that  the  presence  of  one  series  of 
enclosures  is  absolutely  characteristic  of  the  ]ess  ferriferous  ensta^ 
tites,  and  that  the  two  or  more  sets  of  enclosures  are  confined 
to  the  more  highly  ferriferous  varieties.  On  the  contrary,  the  same 
crystal  may  be  altogether  free  from  enclosures  in  one  part,  may 
exhibit  one  set  of  enclosures  in  another  part,  and  thus  assume  the 
appearance  of  bronzite,  while  at  certain  points  within  the  crystal  a 
second  and  a  third  set  of  enclosures  may  appear,  and  the  hyper- 
sthene  structure  be  produced  (see  PL  XI.  fig.  6).  Other  things 
being  equal,  however,  the  bronzite-structure  is  perhaps  more  likely 
to  be  produced  in  less  ferriferous  varieties,  and  the  hypersthene 
structure  in  the  more  ferriferous.  It  is  probably  too  late  now  to 
prevent  the  use  of  the  terms  bronzite  and  hypersthene  for  varieties 
differing  in  composition,  otherwise  it  would  be  well  if  the  names 
could  be  applied  to  distinguish  these  differences  of  structure.  The 
parallelism  between  the  varieties  of  the  monodinic  and  rhombic 
series  of  pyroxenes  is  complete.  In  the  one  series  we  have  a  perfect 
"mimicry  "of  the  members  of  the  other  series: — 

Common  Augite  corresponds  to  Ferriferous  Enstatite. 
Biallage  corresponds  to  Bronzite. 
Pseudo-hypersthene  corresponds  to  Hypersthene. 

The  slight  differences  of  colour  between  diallage  and  bronsdte,  and 
between  pseudo-hypersthene  and  hypersthene,  are  not  sufficiently 
constant  to  be  relied  upon  for  the  discrimination  of  these  minerals ; 
the  only  certain  means  of  distinguisliing  between  them  being  the 
measure  of  the  cleavage-angle,  or  the  determination  of  the  extinction- 
angle  in  the  sections  for  indicating  their  system  of  crystallization. 

We  have  seen  that  diallage  is  prone  to  a  further  change  by 
the  conversion  of  the  augite-substance  into  green  hornblende,  and 
even  the  separation  of  calcite  along  its  foliation- planes.  By  the 
commencement  of  this  change  we  get  the  beautiful  green  diaUage ; 
while  its  completion  results  in  the  formation  of  smaragdite,  actinolite, 
or  similar  amphiboles. 

The  enstatites  are  still  more  susceptible  to  changes  of  the  same 
kind,  but  the  resulting  product  is  altogether  different.  By  taking 
up  water  the  enstatite  substance  of  the  crystal  becomes  more  or 
less  converted  into  green  serpentinous  or  steatitic  substances. 

The  greater  ease  with  which  the  enstatites  undergo  alterations  of 
this  kind  than  do  the  augites,  is  shown  by  the  fact  that  while  the 
diallage  of  the  Hebridean  gabbros  and  peridotites  is  almost  always 
unaltered,  the  enstatites  associated  with  them  nearly  always  exhibit 
the  first  symptons  of  decomposition,  and  are  not  unfrequently 
entirely  converted  into  the  fto^^t^modification. 

The  Olivines. — A  change  analogous  to  that  taking  place  in  the 
felspars  and  pyroxenes,  is  found  affecting  the  olivines  when  they  are 
traced  to  great  depths  from  the  surface.    This  change  consists  in  the 
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separation  of  a  black  or  dark  brown,  nsually  opaqne,  Bubstanoe^ 
probably  magnetite  and  other  iron-oxides,  along  certain  planes 
within  the  crystals.  But  in  the  olivines  the  separated  material 
assumes  very  peculiar  and  highly  characteristic  forms.  In  1871 
Prof.  Zirkel,  in  describing  the  olivines  of  the  gabbros  of  Mull,  pointed 
out  that  they  contained  great  numbers  of  blackish  or  brownish 
needles  arranged  in  curious  combinations,  of  which  he  gave 
a  drawing*.  Prof.  Zirkel  insisted  on  the  fact  that  similar  ap- 
pearances are  never  found  in  the  olivines  of  basalt,  but  that  they 
occur  in  the  olivines  of  many  gabbros  like  those  of  Volpersdorf^  the 
Yalteline,  and  other  localities.  He  also  pointed  out  the  fact  that 
these  dark  inclusions  sometimes  become  so  numerous  in  the  olivine 
as  to  render  the  mineral  black  and  opaque,  so  that  it  may  be  easily 
mistaken  for  magnetite,  except  in  very  thin  sections  which  have 
been  carefully  prepared  to  illustrate  the  structure  of  the  mineral. 
Dana  has  also  pointed  out  this  change  of  olivine  into  a  black  opaque 
substance  resembling  magnetite,  often  exhibiting  a  fissile  structure 
similar  to  that  of  micaf,  and  Wadsworth  has  described  the  same 
phenomenon. 

The  study  of  a  series  of  specimens  which  have  originally  existed 
at  different  depths  from  the  surface,  in  the  Western  Isles  of  Scotland, 
enables  us  to  folly  understand  and  explain  this  interesting  change. 
This  is  rendered  more  easy  by  the  fact  that  the  results  are,  in  ^i« 
case,  not  complicated  by  serpentinization,  a  totally  different  kind  of 
change  due  to  quite  other  causes. 

The  first  appearance  of  the  change  in  question  takes  place  along 
those  irregular  fissures  that  so  frequently  traverse  olivine-crystals. 
Along  these  incipient  or  completed  fissures,  when  they  are  examined 
by  the  aid  of  high  powers,  small  stellar-groups  of  black  or  deep- 
brown  filamenta  are  seen  making  their  appearance  mingled  with 
reticulations  of  cavities  containing  liquid  or  solid  substances,  Hke 
those  formed  in  the  felspars  and  p3rroxene6.  The  stellar  groups 
have  much  the  appearance  of  dendritic  markings  (see  PL  XLL 
figs.  1,  2),  and  when  seen  foreshortened,  or  partially  within  the  range 
of  view  of  the  higher  powers  of  the  microscope,  present  tlie  cha- 
racters represented  by  Zirkel  J.  Sometimes  these  star-like  bodies 
become  crowded  together  so  as  to  make  the  surfaces  of  the  cracks 
and  sometimes  also  the  outer  portions  of  the  crystal  black  and  opaque 
(see  PL  XII.  figs.  3,  4). 

Precisely  similar  appearances  then  make  themselves  visible  along 
certain  planes  within  the  crystal,  which  are  certainly  parallel  to  the 
optic  axis,  but  the  more  exact  crystallographic  relations  of  which  I 
have  as  yet  been  unable  to  determine.  With  these  stellate  groups 
of  fibres  flat  brown  plates,  like  those  appearing  in  the  pyroxenes, 
sometimes  appear  in  considerable  numbers.  Examples  may  be 
found  of  the  gradual  conversion  of  the  stellate  enclosures  into 
tabular  ones,  by  the  filling-in  of  the  intervals  between  the  rays 

*  Zeitschr.  d.  d.  geoL  Gcsell.  Bd.  xxiii.  (1871)  pp.  69. 60. 

t  System  of  Mineralogy,  5th  ed.  (1875)  p.  268. 

X  Zeitflohr,  d.  deutach.  geol.  Qesell.  voL  xxiii.  (1871)  p.  60,  TtS.  iv.  flg.  11. 
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of  the  star  (see  PI.  XII.  figs.  5a,  56,  5c).  As  these  inclusions 
multiply,  the  crystal  loses  its  translucency  and  finally  hecomes 
opaque,  and  exhibits  by  reflected  light  the  colour  and  lustre  of 
magnetite.  As  the  tachylytes  of  the  Western  Isles  of  Scotland  are 
rendered  perfectly  black  and  opaque  by  the  quantity  of  magnetite- 
dust  which  they  contain,  so  the  oliyines  are  completely  obscured 
in  their  characters  by  the  development  in  their  midst  of  these 
magnetite-euclosures.  What  is  taken  for  magnetite  in  many 
gabbros  is  nothing  but  this  greatly  altered  olivine.  That  these 
stellate  bodies  in  the  substance  of  the  olivine  crystals  are  really 
inclusions  formed  within  cavities  having  a  rectilinear  outline,  is 
demonstrated  when  they  are  examined  with  high  powers  of  the 
microscope.  Each  ray  of  the  star  is  then  seen  to  end  abruptly 
along  a  right  line,  and  the  limits  of  the  cavities  within  which  they 
are  formed  are  thus  clearly  indicated  (see  PI.  XII.  fig.  5c). 
The  curiously  varied  forms  represented  by  Zirkel  are  due  to  portions 
only  of  these  stellate  bodies  being  within  the  field  of  view  of  the 
microscope  at  the  time  and  often  being  viewed  obliquely ;  but  by 
carefully  focussing  up  and  down,  their  true  nature  can  be  readily 
made  out*.  In  their  absolute  dimensions  these  enclosures  of  the 
olivine  crystals  vary  between  very  wide  limits,  as  is  the  case  with  the 
similar  bodies  in  the  felspars  and  pyroxenes ;  while  some  of  the 
enclosures  can  be  seen  and  studied  wiUi  quite  low  microscopic  powers, 
others  are  crowded  into  a  nebulous  haze  which  can  only  be  resolved 
by  the  very  highest  powers. 

Hie  Biotites,  which  are  among  the  most  frequent  of  the  accessory 
minerals  in  the  gabbros  and  peridotites,  exhibit  a  similar  secondary 
structure  to  that  described  in  the  felspars,  the  pyroxenes,  and  the 
oliyines.  Tabular  enclosures  of  a  deep  brown  or  black  colour 
are  developed  along  the  planes  of  easy  cleavage  of  the  mineral,  and 
are  sometimes  so  abundant  as  to  render  the  mineral  almost  opaque 
(see  PI.  XII.  figs.  8,  9). 

§  5.   Natxtbs  and  Obigih  of   the  Chajtobs  which  have  taken 

PLACE  IK  THE  HuTERALS  OF  DEEP-SEATED  PlFTONIC  KooKS  ('*  ScHIL- 

ibrization"). 

We  have  seen  that  alike  in  the  felspars,  the  pyroxenes,  the 
olivines,  and  the  biotites  of  plutonic  rocks,  there  is  evidence  of  pro- 
gressive change  taking  place  «at  gradually  increasing  depths.  This 
change  consists  in  the  development  along  certain  planes  within  the 
crystals  of  tabular,  bacillar,  or  stellar  enclosures,  which,  reflecting 
the  light  falling  upon  them  at  certain  angles,  give  rise  to  the  peculiar 
phenomenon  expressed  by  the  term  "Schiller."  It  will  be  con- 
venient to  have  a  general  name  for  this  kind  of  change,  and  I  pro* 
pose  to  employ  the  term  "  Schillerization  "  to  express  it.  Thus  I 
shall  call  diallage  and  pseudo-hypersthene  "  Schillerized  augites," 

*  Zeitsohr.  d.  deutsoh.  geolog.  Ges.  vol.  xziii.  (1871)  pL  iv.  fig.  H-    Zirkel, 
Mikroskop.  Besohaff.  der  Min.  und  Gest.  (1873)  p.  214. 
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broDzite  and  the  typical  hypersthene  of  Labrador  *'  Schillerized  fer- 
riferous enstatites." 

The  nature  of  the  enclosures  which  give  rise  to  the  "Schiller" 
phenomenon  of  minerals  has  been  investigated  by  many  mineralogists ; 
but,  as  might  have  been  anticipated  when  their  minute  size  is  taken 
into  account,  the  results  arrived  at  are  very  discordant  *. 

The  enclosures  varj-  in  colour  from  grey  to  yellow,  and  througb 
various  shades  of  brown  to  purplish  red ;  while  they  are  sometimes 
so  dark  as  to  be  almost  black  and  opaque.  In  all  cases,  so  far  as  it 
is  possible  to  examine  such  minute  objects,  they  prove  to  be  isotropic. 
As  a  general  rule,  they  are  found  to  be  infusible,  and  to  resist  the 
action  of  the  strongest  hydrochloric  and  other  acids. 

In  form,  these  enclosures  greatly  vary.  Sometimes  they  appear 
to  have  very  definite  outlines,  which  has  led  them  to  be  regarded  as 
microscopic  orj^stals  of  haematite,  magnetite,  brookite,  augite,  or  other 
minerals;  but  these  identifications  have  not  only  not  been  sup- 
ported, but  in  many  cases  have  been  actually  disproved  by  chemioal 
analysis.  Nevertheless  the  regularity  of  their  forms  in  the  same 
crystal,  and  sometimes  a  wonderful  agreement  in  the  angular 
measures  which  they  give,  are  very  striking  facts.  In  other  cases,  as 
for  example  in  the  Labrador  hypersthene,  the  tabular  enclosures, 
while  presenting  perfectly  flat  and  parallel  sides,  exhibit  the  most 
irregular  contours  along  some  of  their  edges,  and  their  forms  appear 
to  be  quite  irreconcilable  with  the  hypothesis  that  they  are  micro- 
scopic crystals. 

From  a  consideration  of  all  that  has  been  adduced  by  other  in- 
vestigators, taken  in  connexion  with  my  own  observations,  I  am  led 
to  the  conclusions  that  the  substances  forming  these  various  endoeores 
do  not  consist  of  any  definite  chemical  compounds  assuming  the 
regular  crystalline  forms  belonging  to  mineral  species,  but  that  they 
are  mixtures  of  various  oxides  in  a  more  or  less  hydrated  condition, 
such  as  hyalite,  opal,  gothite,  and  limonite;  hence  their  isotro- 
pism,  their  variation  in  colour,  and  their  resistance  to  the  action 
of  acids. 

All  Schillerized  minerals  on  analysis  yield  a  small  but  notable 
proportion  of  water,  which  is  probably  contained  in  these  enclosures. 

The  suggestion  which  seems  to  me  to  be  most  in  accord  with  all 
the  facts  of  the  case,  is  that  these  enclosures  are  of  the  nature  of 
negative  crystahs  which  are  more  or  less  completely  filled  with  products 
of  decomposition  of  the  mineraL  When  Uiese  negative  crystals  are 
completely  filled  with  foreign  substances,  the  enclosures  assume  the 
outlines  of  true  crystals,  though  they  do  not,  of  course,  exhibit  their 
optical  properties;  it  is  noteworthy  that  in  some  cases  a  com- 
spondence  between  the  angles  of  the  enclosing  mineral  and  the 
inclusions  seems  to  have  been  clearly  made  out.  But  in  other 
cases  the  secondary  products  are  insufficient  to  fill  the  whole  cavity 

*  This  subject  has  been  especially  treated  of  by  Scheenr  (Pogy^.  Amitl.  tiir. 
1845)  ;  VogelBaDg  (Archiv  Neerland.  iii.  29,  1868) ;  Koonaim  (Neues  JsBrit.  t 
Min.  &0. 1§39,  p.  532) ;  Hagge  (Mikroskop.  Untersuoh.  uber  Oiibbro,  Ac  1871); 
Trippke  (Neue»  Jahrb.  f.  mSq.  1878,  p.  676). 
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of  the  negatiTe  crystals,  and  occupy  irregular  spaces  within  them.  In 
some  cases,  like  that  of  the  oUvines,  the  distribution  of  these 
products  of  decomposition  within  the  negative  crj'stals  is  partially 
determined  by  crystalline  forces,  and  curious  dendritic  forms,  of 
microscopic  dimensions,  are  the  result.  That  this  is  really  the  ex- 
planation of  the  dendritic  forms  seen  in  olivine,  is  shown  by  the 
fact  that  the  ends  of  the  star-like  masses  are  bounded  by  straight  lines, 
the  sides  of  the  negative  crystals  (see  PL  XII.  figs.  5a,  56,  5c). 

It  is  a  very  noteworthy  circumstance  that  these  negative  crystals 
are  formed  along  certain  definite  planes  within  the  original  crystal. 
The  studies  of  the  so-callod  "  Aetzfiguren  "  by  Exner,  Baumhauer, 
and  others  have  shown  that  the  surfaces  of  crystals,  and  of  sections 
of  crystals,  are  very  unequally  affected  when  submitted  to  the  action 
of  appropriate  solvents.  The  peculiar  disposition  of  molecules  in  a 
crystal  which  causes  it  to  yield  most  readily  along  certain  planes  to 
the  mechanical  forces  applied  in  scratching  and  fracture,  and  which 
permits  the  waves  of  light  and  heat  to  traverse  it  at  different  rates 
in  different  directions,  is  equally  manifested  when  the  crystal  is 
operated  upon  by  solvent  agents.  We  can  understand  how,  under 
these  circumstances,  solution  is  set  up  along  certain  planes  within 
the  crystal,  innumerable  n^ative  crystals  being  formed,  while  the 
products  of  decomposition  are  deposited  within  them.  The  action 
may  be  compared  to  what  takes  place  when  a  beam  from  the  sun 
or  an  electric  lamp  is  passed  through  a  block  of  ice.  The  beautiful 
ioe-stars  partially  filled  with  water  appear  to  be  exactly  analogous 
to  the  negative  crystals  formed  by  solvent  action  in  augite,  for 
example,  and  occupied  by  the  hydrated  oxides  which  result  from 
its  decomposition.  Tschermak  and  others  have  pointed  out  that  the 
lines  along  which  solution  takes  place  most  easily  are  not  necessarily 
the  edges  of  cleavage-planes ;  and  it  has  also  been  shown  that  the 
twinning  of  crystals  modifies  the  "  Aetzfiguren,"  as  it  certainly  does 
the  position  of  the  plane  of  most  easy  chemical  action,  as  revealed 
by  the  phenomena  of  SchUlerization  (see  Ante,  p.  379). 

There  is  one  point  in  connexion  with  this  subject  which  appears 
to  me  to  be  specially  worthy  of  attention,  though,  as  far  as  I  am 
aware,  its  importance  has  hitherto  been  very  generally  overlooked. 
The  "  Schillerization "  of  dark-coloured  ferriferous  minerals,  like 
proto-hypersthene  and  augite,  results  in  the  discharge  of  colour  from 
the  substance  of  the  crystal ;  and  instead  of  a  dark  green  or  brown 
substance,  we  get  a  nearly  colourless  one,  within  which  the  innumer- 
able deeply  coloured  enclosures  are  distributed.  Now,  inasmuch  as  the 
chemical  composition  of  the  whole  crystal  is  scarcely,  if  at  all,  altered 
by  this  molecular  change,  it  is  fair  to  conclude  that  the  iron  and 
other  oxides  which  gave  the  colour  to  the  crystal  have  been  dissolved 
out  and  deposited  in  the  substance  of  the  enclosures. 

That  this  is  really  the  case,  we  have,  I  think,  a  singularly  beautifrd 
proof.  The  researches  of  many  mineralogists  have  demonstrated  that 
in  the  pyroxenes,  the  micas,  and  many  other  groups  of  minerals,  a 
remarkable  relation  can  be  discovered  between  the  proportions  of 
certain   ingredients,  notably   the  iron,  in  different  varieties,  and 
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certain  optical  constants,  such  as  the  position  of  the  plane  in  which 
the  optic  axis  lies  and  the  angle  between  the  optic  axes  ♦. 

The  researches  by  which  the  optical  constants  of  minerals  have 
been  determined  have  .proved  that  not  only  do  the  colour  and  cha- 
racteristic pleochroism  disappear  in  the  substance  of  crystals  t 
which  have  undergone  Schillerization,  but  that  the  position  of  the 
optic  axes  and  the  angle  which  they  make  with  one  another  are  also 
affected.  This  remarkable  effect  of  the  Schillerizing  process  is  shown 
if  we  compare  unaltered  and  altered  examples  of  minerals  of  the 
same  chemical  composition  with  one  another,  augites  with  diallages 
and  pseudo-hypersthenes,  ferriferous  enstatites  with  bronzites  and 
hypersthcnes.  Tschermak  even  points  out  that  the  optical  constants 
of  diallage  are  practically  the  same  as  those  of  diopside  X*  In  the 
latter  mineral  ferrous  oxide  was  almost  absent  from  the  first ;  in  the 
former  it  has  been  to  a  great  extent  removed  from  the  substance  of 
the  crystal  and  collected  into  the  enclosures  during  the  process  of 
Schillerization. 

§  6.  The  Aoenct  by  which  the  Schillerization  op  Minerals  has 

BEEN  effected. 

In  seeking  for  the  causes  which  have  produced  in  minerals 
the  very  remarkable  changes  which  we  have  grouped  together  under 
the  name  of  Schillerization,  there  are  two  very  important  fwjts 
which  must  be  borne  in  mind.  In  the  first  place  such  changes  are 
quite  distinct  from  those  which  result  from  weathering  action,  or 
the  penetration  of  water  from  the  surface.  Under  the  influence  of 
this  kind  of  action,  felspars  are  more  or  less  completely  kaolinized, 
and  their  elements  may  subsequently  recrystallize  as  zobite  and 
other  minerals ;  augites  are  converted  into  uralite  or  directly  into 
hornblende,  and  olivines  and  enstatites  into  serpentine,  steatite, 
and  talc.  But  ui  the  minerals  of  the  rocks  we  are  describing,  it  is 
manifest  that  crystals  which  do  not  exhibit  the  smallest  trace  of 
Schillerization  may  be  completely  altered  by  weathering  action;  and, 
conversely,  crystals  which  are  perfectly  fresh  and  undecomposed  may 
have  undergone  the  most  striking  effects  of  Schillerization.  In  cases 
where  the  results  of  weathering  action  have  been  superinduced  upon 
those  following  from  Schillerization,  very  complicated  phenomena 
may  be  presented,  which  it  may  require  much  care  to  unravel. 
Cases  of  this  kind  we  shall  proceed  to  consider  in  the  second  part  of 
this  paper.     But  the  examples  of  the  Western  Isles  of  Scotland  are 

*  See  for  the  pyroxenes,  Tschermak,  Mineral.  Mittfa.  voL  i.  (1870); 
Wilk.  Zeitechr.  f.  Krvst.  voL  yiii.  p.  208  (1884) ;  Bolter,  Neues  Jahrh.  t  Min. 
Ac.  1885,  ToL  i.  p.  43. 

t  It  is  true  that  slioea  of  hyi)er6thene  viewed  withadichroisoope  appear  ttrosgly 
pleochroic.  But  when  examined  with  a  high  power,  the  suhstanoe  between  the 
enclosuree  is  seen  to  be  nearly  colourless,  ana  to  exhibit  only  faint  traces  (^ 
pleochroism.  In  examining  the  whole  slice  of  the  mineral  the  light  transmitted 
DY  the  brown  enclosures  is  affected  by  the  intermediate  substanoei,  and  a  ffeiMnJ 
effect  of  pleochroism  is  produced,  which  is  not  seen  in  either  crystals  or  encbeuret 
separately. 

I  Lehrbaoh  fiir  Mineralogie  (1883),  p.  44a 
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particularly  valuable  for  the  purposes  of  study ;  for  there  the  felspars 
often  show  no  trace  of  kaolinization,  the  augites  no  trace  of  unQiti- 
zation  or  of  amphibolization,  and  the  olivines  no  trace  of  serpent!- 
nization  ;  and  yet  these  several  minerals,  as  we  have  pointed  out, 
exhibit  in  the  most  striking  manner  the  effects  of  Schillerization. 

The  study  of  these  rocks  in  the  field  has  clearly  demonstrated  that 
the  degree  of  Schillerization  of  the  several  minerals  can  be  correlated 
with  the  depth  from  the  surface  at  which  the  rocks  have  formerly 
existed.  In  the  more  deeply  seated  rocks  the  most  perfect  Schilleri- 
zation has  taken  place,  and  in  those  at  less  depth  fewer  planes  within 
the  crystal  have  been  attacked,  all  traces  of  the  action  disappearing 
when  the  rocks  have  existed  near  the  surface. 

That  the  action  producing  Schillerization  is  a  secondary  one  is  proved 
in  several  ways.  It  is  perfectly  true  that  enclosures  are  often  formed 
in  crystals  during  their  growth,  and  that,  at  high  temperatures  and 
under  great  pressures,  abnormal  crystal-growths  frequently  arise. 
In  this  way  it  may  be  suggested  that  augite  might  always  crystallize 
with  the  diallage-  and  pseudo-hypersthene-modifications,  ferriferous 
enstatite  with  tiie  bronzite-  or  hypersthene-modification,  and  so  on. 
But  against  the  acceptance  of  this  suggestion  several  very  important 
considerations  may  be  urged.  The  contents  of  the  negative  crystals 
are  evidently  products  of  decomposition,  hydrated  oxides  like  chal- 
cedony, opal,  gothite,  and  limonite.  Further^  as  I  have  already 
shown,  the  action  of  Schillerization  can  in  many  cases  be  seen  to  be 
set  up  from  the  surface  of  the  crystals  and  along  the  cracks  which 
traverse  it.  And,  lastly,  the  endosures  are  altogether  absent  from 
some  crystals  in  deep-seated  rocks,  which  appear  to  have  escaped 
altogether  from  the  action  which  has  produced  this  phenomenon. 
Schillerization  is  thus  proved  to  be  due  to  local  and  not  to  general 
causes. 

On  these  grounds,  then,  I  think  it  is  impossible  to  doubt  that 
what  are  now  crystals  of  diallage  were  once  common  augite,  that 
the  bronzite  and  hypersthene  are  altered  ferriferous  enstatites,  and 
that  the  peculiarities  of  the  deep-seated  crystcds  of  labradorite  and 
olivine  have  been  acquired  since  their  original  formation. 

Besuing  aU  these  facts  in  mind,  it  appears  impossible  to  resist  the 
conclusion  that  the  solvent  agents  which  have  produced  Schillerization 
are  the  water  and  other  fluids  which  have  permeated  the  rock- 
masses,  and  that  their  solvent  action  has  increased  with  the  pressure, 
that  is  to  say  with  the  depth  from  the  surface.  I  need  only  refer 
to  the  classical  researches  of  Daubr^e,  Sorby,  Guthrie,  and  others,  as 
placing  beyond  all  doubt  the  fact  of  the  increase  of  the  action  of 
solvents  by  pressure. 

When  we  remember  the  enormous  volumes  of  steam  and  other  gases 
given  o£f  by  great  volcanoes  during  their  eruption,  and  further  that 
these  eruptions  are  continued  through  geological  periods  of  vast 
duration,  bearing  in  mind  too  that  the  evolution  of  these  gases  does 
not  terminate  with  the  violent  activity  of  the  volcanic  vent,  but  is 
equally  manifested  during  the  '*  Solfatara  stage,"  and  that  enormous 
tracts  of  volcanic  rocks  are  found  altered  by  surface-emanation  of 
steam,  we  can  well  understand  how  potent  must  be  the  influences 
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which  are  operating  simultaneously  npon  the  deep-seated   rock- 
masses  below. 

The  circumstance  of  the  crystals  of  such  rocks  being  full  of 
numerous  canities,  many  of  which  contain  saturated  solutions  of  the 
alkaliue  chlorides  and  sulphates,  or  are  filled  with  solid  substances 
like  wollastonite  and  other  silica-compounds,  and  of  such  cavities 
also  enclosing  carbonic  acid  in  a  liquid  condition,  all  bear  witness  to 
the  presence  of  these  solvents  and  to  the  potency  of  their  action 
under  pressure. 

The  study  of  these  deep-seated  rocks  at  different  depths  shows 
that  the  water  and  other  solvents  which  permeate  the  whole  of  the 
crystals  under  the  enormous  pressure  attacks  certain  silica-compounds 
more  readily  than  others  ;  probably  the  compounds  of  silica  with  iron 
and  the  alkalies  are  among  the  first  to  pass  into  solution.  Eventu- 
ally the  whole  of  the  compound  silicates  yield  to  the  solvent  and  are 
broken  up ;  but  this  does  not  take  place  uniformly  through  the 
crystals.  In  the  direction  of  certain  planes  within  crystals  the  mole- 
cules are  in  a  state  of  less  perfect  stability  with  respect  to  chemical 
agencies  than  others,  and  along  these  planes  the  solvents  eat  out  for 
themselves  hollows  (negative  crystals)  which  become  filled  with  the 
hydrated  silica,  the  hydrated  ferric  oxides,  and  other  products  of 
decomposition.  At  increasing  depths  new  planes  within  the  crystal 
become  susceptible  to  the  action  of  solvents,  and  fresh  enclosurcB  are 
formed  along  them.  Thus,  at  moderate  depths,  the  only  planes  along 
which  augite-crystals  are  attacked  by  the  solvents,  and  along  which 
they  have  enclosures  (infilled  negative  crystals)  formed,  are  the 
planes  parallel  to  the  orthopinacoid ;  but  at  greater  depths  planet 
parallel  to  the  clinopinacoid  and  the  basal  plane  are  similarly 
attacked.  The  planes  of  chemical  instability  are  not  neoessarOy 
identical  in  position  with  those  of  imperfect  cohesion  (cleavage-planes); 
indeed  in  many  cases,  as  we  have  seen,  they  are  wholly  different 
But  in  many  cases  the  position  of  these  planes  of  easy  solubility  in 
a  crystal  are  clearly  modified  by  the  twinned  condition  of  the 
crystal. 

In  some  cases  Schillerization  consists  only  in  a  redistribution  of 
the  matter  within  the  crystals.  Thus  diallage,  as  a  general  rule, 
differs  in  composition  from  augite  only  by  the  presence  of  a  per- 
centage of  water  which,  as  we  have  already  seen,  is  probably 
combined  with  the  materials  which  fill  the  negative  crystals.  But 
in  many  cases  the  dissolved  material  may  be  carried  away  from  the 
crystal  and  deposited  within  the  cavities  of  neighbouring  crystals  of 
different  species.  In  this  way  ferric  oxide,  probably  deri\^  from 
the  pyroxenes,  olivines,  and  magnetite,  comes  to  be  deposited  within 
the  n^ative  crystals  of  labradorite.  In  the  end  this  proceea  of 
Schillerization  must  result  in  the  blending  together  in  the  most  inex- 
tricable manner  of  materials  derived  from  different  crystallixed 
minerals,  and  the  whole  characters  of  the  rock  may  be  compl^jtely 
altered. 

It  has  long  been  known  that  the  faces  and  cleavage-planes  of  cry»- 
tals  are  attacked  by  appropriate  solvents  in  an  unequal  manner,  so  m 
to  give  rise  to  the  characteristic  forms  of  two  dimensions  known  m 
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Aetzfiguren,  Bat  the  Sohillerization  of  minerals  consiats  in  the  pro- 
duction by  natural  causes  of  Aetzfiguren  in  three  dimensions.  It 
bears  witness  to  the  existence  of  certain  planes  within  crystals  along 
which  a  greater  susceptibility  to  chemical  action  exists  than  in  others. 
It  proves  that,  while  often  independent  of  the  directions  along  which 
mechanical  force  and  the  different  kinds  of  radiant  energy  most 
easily  act,  the  planes  along  which  the  chemical  forces  operate  are 
modified  and  controlled  by  structures  like  twinning.  All  these  con- 
clusions are  in  complete  harmony  with  the  results  which  have  been 
obtained  by  the  study  of  the  Aetzfiguren.  The  results  attained 
by  the  observations  and  reasonings  which  we  have  been  describmg 
boar  the  same  relations  to  those  obtained  by  the  study  of  the 
Aetzfiguren^  as  the  phenomena  of  deavage  in  a  crystal  do  to  the 
observations  made  on  crystal  faces  by  means  of  the  scleromet^r. 

All  the  changes  of  which  we  have  hitherto  spoken  are  such  as 
may  be  traced  m  their  e£fects  by  the  aid  of  the  microscope ;  but  the 
same  forces  probably  lead  to  other  modifications  of  the  internal 
structure  of  crystals,  which  are  altogether  ultra-microscopical  and 
quite  incapable  of  being  detected  by  direct  vision.  But  as  it  is 
well  known  that  light-waves  are  capable  of  being  interfered  with  by 
structures  too  minute  to  be  discerned  by  the  human  eye,  so  we  can 
readily  understand  how  solution  along  certain  parallel  planes  within 
the  felspar  crystal  may  lead  to  the  formation  of  thin  plates  or  layers, 
probably  composed  of  chalcedonic  material,  which  give  rise  to  the 
beautiful  cliatayant  effects  exhibited  by  these  minerals  when  they 
hare  been  submitted  to  deep-seated  action.  We  have  already  pointed 
out  that  the  alteration  in  the  density  and  chemical  composition  of 
these  chatoyant  varieties  of  felspar  support  the  view  that  they  have 
undergone  the  kind  of  change  which  we  have  been  describing,  and 
that,  in  the  Western  Isles  of  Scotland,  this  phenomenon  is  exhibited 
only  by  the  felspars  of  what  have  been  tiie  most  deeply-seated  rock- 
masses. 

§  7.  Vakietibs  op  thb  Terhaby  Ultra-basic  Bocks. 

The  Tertiary  peridotites  and  other  ultra-basic  rocks  differ  from 
one  another  both  in  their  mineralogioal  constitution  and  in  their 
structure.  Varieties  corresponding  to  each  of  the  rock-species  which 
have  been  established  for  the  different  types  of  peridotite  are  easily 
recognizable  in  the  Western  Isles  of  Scotland.  Thus  in  the  Shiant 
Isles  and  in  the  central  parts  of  Bum  we  find  a  rock  almost  wholly 
made  up  of  grains  of  olivine  enclosing  rounded  particles  of  chromite 
and  picotite — a  rock  which  must  be  classed  with  the  ^^dunites."  In 
Tarious  locaUties  in  the  island  of  Bum,  and  also  in  the  Shiant  Isles, 
^fve  find  rocks  consisting  essentially  of  olivine  and  augite,  and  these 
must  be  classed  as  *'  picrites."  Occasionally  we  find  a  considerable 
amount  of  a  more  or  less  ferriferous  enstatite,  with  some  picotite  or 
chromite  superadded  to  the  ingredients  of  the  last-mentioned  rook, 
and  we  have  then  an  analogue  of  '*  Iherzolite."  Some  of  the  veins 
^fvhich  intersect  the  gabbros  and  peridotites  of  Bum  are  wholly  made 
np  of  a  felspar  (which,  by  its  extinction-angles,  its  specific  gravity, 
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and  its  flame-reaction,  is  proved  to  be  anorthite)  and  oliTine.  I 
was  at  a  loss  to  find  any  exact  analogue  of  these  felspar-ollTine 
rocks ;  but  Professor  Bonney  has  pointed  out  to  me  that  in  some 
varieties  of  the  forellenstein  (troctolite)  of  Yolpersdorf,  in  SUesia, 
the  augite  becomes  inconspioaous  and  almost  disappears,  and  we 
have  a  rock  similar  to  the  Scotch  variety  which  I  have  indicated. 
Professor  Bonney  has  found  the  same  rock  in  an  altered  state  at 
Coverack  Cove  in  Cornwall*.  Other  veins  and  enclosures  in  theee 
rocks  consist  of  anorthite  and  augite,  and  may  be  classed  with  the 
eucrites  (see  PI.  XHI.  figs.  1,  2,  3,  4,  6,  &  6). 

As  all  of  these  varieties  of  the  Tertiary  ultiu-basic  rocks  are  foond 
passing  into  one  another,  and  into  the  gabbros  and  dolerites,  by  an 
increase  in  the  quantity  of  one  mineral  or  by  the  diminution  and 
disappearance  of  others,  it  will,  I  think,  be  more  instructive  to  con- 
sider the  varieties  exhibited  by  the  rocks  of  different  localities  when 
their  microscopic  structures  are  considered  than  to  dwell  upon  the 
merely  accidental  varieties  of  mineralogical  constitutbn. 

It  may  be  mentioned  at  the  outset  that,  as  a  general  rule,  the 
peridotites  vary  in  structure  with  the  gabbros  and  dolerites  with 
which  they  are  associated.  We  thus  find  peridotites  of  gnmitio 
structure,  others  of  granulitic  structure,  and  others,  again,  of  ophitie 
structure  (see  PL  XIIL). 

The  most  perfectly  crystalline  type  of  these  peridotites  is  found 
in  the  valleys  in  the  central  part  of  tjie  island  of  Bum.  A  typed 
example  of  these  rocks  collected  near  the  road  between  Einlodi  and 
Harris  is  highly  crystalline,  of  a  black  colour  with  a  few  scattered 
felspar-crystals,  and  has  a  specific  gravity  of  3*18.  The  olivine  of 
this  rock  is  of  a  nearly  black  colour,  owing  to  the  abundance  of 
magnetite  endosures  it  contains ;  it  can,  however,  be  difitingnishud 
from  the  augite  by  its  lustre  and  its  fracture.  It  is  not  surprising 
to  find  that  Macculloch,  misled  by  the  unusual  colour  of  the  olivine, 
failed  to  distinguish  that  mineral ;  and,  regarding  the  rook  as  being 
wholly  composed  of  augite,  he  gave  to  it  the  name  of  **'  augite- 
rock.'' 

Thin  slices  under  the  microscope  show  the  rock  to  be  essentially 
made  up  of  large  crystals  of  augite  and  olivine. 

The  augite  is  of  pale  greenish  or  brownish  tint  by  transmitted  light, 
and  exhibits  very  faint  dichroism ;  but  its  deavage-cracks,  whi^ 
are  well  marked,  are  characteristic  of  the  mineraL  Both  the 
cleavage-  and  irregular  cracks  of  the  mineral  are  marked  by  bandi 
of  endosures,  consisting  of  cavities,  sometimes  empty,  sometimeB 
containing  a  liquid  with  a  bubble,  but  most  commonly  filled  with  a 
solid  substance  of  a  reddish  brown,  sometimes  almost  bhu^  cdoor. 
This  augite  only  occasionally  exhibits  the  first  traces  oi  a  passage 
into  diaUage  by  the  devdopment  of  endosures  in  planes  panUd  to 
the  orthopinacoid. 

The  olivine  of  this  rock  is  in  the  most  beautifully  fresh  condition, 
and  seldom  shows  any  trace  of  serpentiniiation.     It  polarises  with 
♦  Quart.  Joura.  (3^©ol.  Boo.  rd.  xxxiii.  (1877)  p.  909. 
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the  usual  brilliant  colours,  but  presents  a  somewhat  curious 
appearance  from  the  abundant  enclosures  which  it  contains,  causing 
it  to  appear  of  a  dusty  grey  tint  The  numerous  fissures  which 
trarerse  the  olivine  grains  are  often  stained  of  a  bright  yellow  colour ; 
along  them  are  dcTeloped  numerous  cavities  which  are  seen  in  some 
cases  to  be  united  by  a  ramifying  system  of  canals,  and  not  un- 
fi^uently  contain  liquids  with  a  moving  bubble.  In  most  cases, 
however,  they  appear  to  be  filled  with  brown  or  black  decomposition- 
products  like  those  in  the  augite-crystals.  Along  the  same  fissures  are 
seen  to  be  developed  the  curious  d^dritic  stars  or  networks  of  a  black 
or  brown  colour,  and  these  are  sometimes  present  in  such  numbers  as 
to  render  the  planes  of  the  fissures  black  and  opaque.  In  addition 
to  these  enclosures  along  the  planes  of  the  fissures,  other  stellar 
ones  make  their  appearance  in  prodigious  numbers  within  the  sub- 
stance of  the  crystal,  communicating  to  it  the  dusty  appearance 
already  describe.  These  are  seen  to  be  arranged  in  a  series  of 
planes  parallel  to  the  optic  axis  of  the  crystal,  and  the  star-like 
inclusions  are  often  mingled  with  and  pass  into  oUiers  in  the  form  of 
thin  brown  or  black  plates. 

Among  the  commonest  of  the  accessory  minerals  of  this  rock  are 
felspar,  biotite,  a  ferriferous  enstatite  (hypersthene),  magnetite, 
and  chromite  or  picotite. 

The  felspar  is  a  plagiodase,  which  in  its  altered  condition 
offers  a  stnking  contrast  to  the  fresh  augite  and  olivine  of  the 
rock.  It  is  full  of  cavities,  and  its  substance  is  often  seen  to  have 
undergone  more  or  less  complete  conversion  into  various  secondary 
products. 

The  biotite,  when  unaltered,  is  of  a  deep  brown  tint,  but  is  often 
SchiUerized  by  the  development  of  dark-coloured  enclosures  in 
planes  parallel  to  the  basal  plane.  Under  these  circumstances  the 
substance  of  the  crystals  becomes  much  paler  in  tint. 

The  ferriferous  enstatite  (hypersthene)  exhibits  the  usual  marked 
l^eochroism  of  that  mineral  when  undecomposed,  but  it  usually 
shows  a  great  tendency  to  serpentinous  alteration. 

The  magnetite  and  chromite  or  picotite  form  only  a  very  suboiv 
dinate  part  of  the  rock.  The  latter  mineral  by  its  decomposition 
appears  to  communicate  a  very  striking  chrome-green  tint  to 
portions  of  the  rock. 

Some  of  the  peridotites  of  the  higher  moimtains  in  central  Bum 
exhibit  a  far  less  perfectly  granitic  structure,  small  crystals  and 
grannies  of  olivine  being  mingled  with  finely  granular  augite,  as  in 
the  porphyro-granulitic  dolerites.  They  resemble  such  dolerites 
without  their  febpar.  These  rocks  have  a  specific  gravity  of  3*09. 
The  olivine  of  these  rocks  is  often  more  or  less  darkened  by  the 
multitude  of  black  stellar  inclusions  which  it  contains. 

These  granular  peridotites  of  central  Bum  are  intersected  by 
veins  of  many  interesting  rock-varieties.  Among  these  occur 
porphyritic  peridotites  consisting  of  large  individuals  of  olivine 
scattered  through  a  granular  base  of  olivine  and  augite  and  gabbros, 
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with  the  BOTeral  minerals  sometimes  disposed  in  bands  parallel  to 
the  sides  of  the  vein.    (See  p.  359.) 

One  of  the  Tsrieties  of  peridotite  in  the  island  of  Bnm  is  a  rook 
of  such  beaaty  as  to  have  attracted  the  attention  and  excited  the 
admiration  of  all  visitors  to  the  island  *,  It  is  found  constituting 
considerable  portions  of  the  mountains  of  Halival,  Haiskeval,  and 
Tralival,  and  is  seen  passing  everywhere  into  an  augito-gabbro. 
Different  portions  of  these  great  mountain-masses  appear  to  vary 
chiefly  in  the  quantity  of  felspar  which  they  contain. 
,  The  felspathic  varieties  are  true  augite-gabbros,  consisting  of  a 
very  fresh  felspar,  often  perfectly  clear  and  glassy  in  appearance,  a 
bright  green  augite,  and  an  olivine  which  has  undergone  the  peculiar 
alteration  which  makes  it  resemble  in  aspect  ohondrodite.  The 
rock  is  sometimes  fine-grained  and  at  others  very  coarse-gnuned, 
and  the  mixture  of  colourless,  bright-green,  and  yellow  crystals  is 
very  striking. 

The  non-felspathio  varieties  are  picrites  and  Iherzolites,  rocks 
having  a  specific  gravity  of  about  3-20,  the  admixture  of  bright- 
green  augite,  and  the  yellow  olivine  with  more  or  lees  enstatite, 
giving  them  a  very  beautiful  appearance  (see  PI.  XIII.  fig.  3). 

The  augite  of  these  rocks  is  usually  of  a  bright  emerald-green 
tint  by  reflected  light,  and  pale  green  passing  into  pale  brown  by 
transmitted  light  It  usually  exhibits  a  very  feeble  pleochroism. 
The  augite  sometimes  forms  weU-developed  crystals,  but  mors 
usually  it  exists  as  rounded  grains,  like  those  of  coccolite.  The 
composition  of  this  diopside,  or  slightly  ferriferous  augite,  is  illas- 
trated  by  the  analysis  quoted  on  p.  367.  This  green  augite,  as 
well  as  the  pale  brownish  varieties  which  accompany  it,  is  traversed 
in  all  directions  by  cracks  which  are  marked  by  numerous  enclosures, 
which  are  sometimes  liquid-  or  gas-cavities,  but  are  not  unfre- 
quently  filled  with  dark-brown  or  black  solid  materials.  These 
augites  exhibit  admirable  illustration  of  the  initial  stage  of  Schil- 
lerization.  A  few  scattered  tabular  enclosures  make  their  ap- 
pearance along  planes  parallel  with  the  orthopinacoid,  and  these  in 
other  examples  are  seen  multiplied  until  die  augite  becomes  a 
typical  diallage. 

The  olivines  of  these  rocks  form  more  or  less  rounded  or  oval 
grains,  often  enclosing  globular  particles  of  ohromite  or  piootite, 
which  are  generally  black  or  opaque  at  their  centres,  but  slightly 
translucent,  and  dark-brown  in  colour  at  their  edges.  A  very 
marked  feature  of  these  olivines  is  their  yellowish  or  brownish- 
yellow  tint,  so  different  from  that  of  the  mineral  in  its  normal 
condition.  Under  the  microscope  this  peculiar  colour  is  semi  to  be 
confined  to  the  cracks  which  traverse  the  crystals  in  all  directions. 
The  yellow  tint  is  present  in  cases  where  not  the  smallest  trace  of 
serpentinization  can  be  detected  in  the  crystal.  Along  these  crados 
we  find  the  curious  stellate  enclosures  being  developed,  and  these 

*  See  Jameson, '  Mineralogy  of  the  Sootdah  Idea,*  vol.  ii.  p.  51 ;  ICaoooUorh, 
'  The  Western  Isles  of  Scotland/  toI.  i.  p.  485 ;  Heddle,  Trans.  Rot.  Soe.  Bdia. 
Tol.  xxviii.(1870)p.  478. 
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may  multiply  till  they  fonn  black  bands,  traversing  the  crystal  in 
all  directions ;  lastly  similar  inclusions,  sometimes  mingled  with 
brown  plates,  make  their  appesirance  along  a  series  of  parallel  planes 
traversing  the  crystal  in  the  direction  of  the  optic  axis,  and  these 
increase  in  number  till  they  communicate  a  dusty  appearance  to  the 
crystal. 

The  accessory  minerals  of  these  peridotites  of  HaHval  and  the 
adjoining  mountains  of  Rum  are  as  follows : — felspar,  a  clear 
variety,  crystallizing  in  forms  intermediate  between  the  lath-shaped 
crystals  of  basalt  and  the  broad  forms  common  in  the  massive 
gabbros,  is  nearly  always  present  in  small  quantities,  and  may 
increase  in  abundance  till  the  rock  passes  into  a  gabbro ;  fer- 
riferous enstatite  (hypersthene),  which,  when  it  occurs  with  the 
g^ranular  variety  of  augite,  also  assumes  similar  granular  forms,  but 
is  at  once  distinguished  by  its  colour,  its  remarkable  pleochroism,  and 
its  extinction  in  positions  parallel  to  the  vibration-planes  of  the  crossed 
nicols;  biotite  occurs  but  rarely,  while  magnetite  and  chromite 
(or  picotite)  are  universally  present.  It  appears  as  though  the 
opaque  magnetite  passes  by  insensible  gradations  into  the  trans- 
lucent and  deep-brown  chromite  or  picotite. 

The  last,  but  by  no  means  the  least  interesting,  of  these  Tertiary 
peridotites  of  Scotland  which  I  shall  notice,  is  that  which  occurs  in 
the  Shiant  Isles  to  the  North  of  Skye ;  it  exhibits  the  most  beautiful 
example  of  the  ophitic  structure  in  these  rocks. 

The  igneous  rocks  of  these  islands,  as  pointed  out  in  my  previous 
paper  ♦,  form  a  great  intrusive  sheet  600  feet  in  thickness  forced 
between  strata  of  Inferior- Oolite  age.  The  vertical  columns  of  this 
intrusive  mass  constitute,  as  Maocnlloch  has  pointed  out,  one  of  the 
meet  imposing  spectacles  in  the  British  Islands.  The  colunms,  500 
feet  long  and  &om  4  to  6  feet  in  diameter,  form  a  range  of  inaccessible 
precipices  rising  directly  from  the  sea. 

Owing  to  the  rising  of  a  storm,  I  was  compeUed  to  render  my 
visit  to  these  Httle-known  islands  shorter  than  I  could  have  wished, 
and  consequently  I  had  an  opportunity  only  of  tracing  the  relations 
of  the  igneous  to  the  sedimentary  rock-masses,  and  of  collecting  the 
fossils  £rom  the  latter.  I  was  not  able  to  devote  any  time  to  deter- 
mining the  relations  of  the  different  varieties  of  igneous  rocks  to 
one  another.  As  many  varieties  of  the  rocks  as  possible  were, 
however,  collected  from  different  parts  of  the  island  by  myself  and 
a  friend.  Dr.  Taylor  Smith  t,  who  accompanied  me. 

The  rock  of  this  great  intrusive  sheet  was  classed  by  Macculloch 
as  an  ^^  8Ugite-rock,"J  the  augite  being  by  far  the  most  conspicuous 
mineral  in  it.  A  careful  study  of  the  large  series  of  specimens 
brought  from  the  islands  shows  that  about  one  half  of  them  should 
be  classed  as  ophitic  dolerites,  and  the  other  half  as  peridotites. 
But  every  specimen  collected  shows  such  variations  owing  to  the 

♦  Quart.  JouriL  Geol.  Soc.  rol.  xxxiv.  (1878)  p.  677. 

t  I  am  greatly  indebted  to  Dr.  Taylor  Smith  for  allowing  me  to  study  the 
whole  of  his  apeeimens  in  connexion  with  my  own. 
t  Wentem  Islee  of  Scotland,  vol.  i.  p.  439. 
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increase  or  decrease  of  felspar  in  different  parts  of  the  rock,  tiiat  I 
can  scarcely  doubt  of  there  being  constant  and  insensible  passagw 
in  the  rock-mass  from  the  felspathic  dolerite  to  the  non-felspathic 
peridotite. 

The  structure  of  the  dolerites  is  exceedingly  interesting ;  nowhere 
in  the  British  Islands  am  I  acquainted  with  more  beautifol  illas- 
^tions  of  the  ophitic  structure ;  the  very  similar  dolerite  which 
forms  the  great  intrusive  sheet  at  Portrush  in  Ireland  oomes 
nearest  to  it.  The  fractured  surfaces  of  the  rock  exhibit  the  broad 
faces  of  black  crystals  of  augite,  occasionally  interrupted  by  the 
enclosed  felspar  crystals.  Under  the  microscope  the  augite,  which 
by  transmitted  light  is  of  a  rich  brown  tint,  is  seen  to  form  great 
crystals,  the  continuity  of  which  is  indicated  by  the  persistency  in 
direction  of  the  cleavage-cracks,  and  by  their  xmiform  tint  when 
viewed  by  polarized  light.  Within  these  broad  crystals  of  augite 
are  enclosed  innumerable  rectangular  crystals  of  plagiodase  fekpar 
and  rounded  grains  of  olivine. 

In  the  accompanying  peridotites  the  felspar  almost  completely 
disappears.  In  some  varieties,  which  may  be  classed  as  pierites, 
we  find  a  number  of  broad  crystals  of  augite  which  enclose  nume- 
rous grains  of  olivine  (see  Plate  XIII.  fig.  4).  In  other  cases  the 
grains  of  olivine  become  so  numerous  as  to  make  up  the  mass  of  the 
rook,  and  augite  appears  only  occasionally  in  their  interspaces. 
The  latter  variety  may  be  classed  with  the  dunites. 

Under  the  microscope,  the  rich  brown  augite  of  the  Shiant-Isles 
rock  exhibits  gas-  and  liquid-cavities  along  its  planes  of  fracture 
and  strain ;  but  these  are  seldom  filled  with  solid  material,  and  the 
tabular  inclusions  producing  SchiUerization  are,  so  fiar  as  my  expe- 
rience goes,  never  present  in  them.  The  augite  of  these  rocks  is 
seen  in  some  cases  to  pass  into  paramorphic  hornblende. 

The  olivine  of  these  rocks  is  a  very  interesting  mineral.  In  the 
thinnest  sections  it  exhibits  a  distinctly  yellow  colour  by  trans- 
mitted light.  This  colour  is  nearly  as  intense  as  in  the  fayalite  of 
the  eulysite  of  Tunaberg,  for  an  opportunity  of  studying  which 
I  am  indebted  to  Mr.  Thomas  Davies,  of  the  British  Museum. 
This  colour  of  the  olivine  is  so  marked  and  persistent  that  I  can 
scarcely  doubt  of  our  having  a  highly  ferriferous  olivine  associated 
with  the  dark  ferriferous  augite  of  the  rock.  As  a  rule,  the 
minerals  of  the  Shiant-Isles  rocks  are  remarkably  fresh  and  un- 
weathered,  but  the  olivine  in  some  of  the  specimens,  which  were 
for  the  most  part  collected  from  fallen  blocks  washed  by  the  sea, 
exhibits  a  very  partial  serpcntinization.  Enclosures  with  eoHd 
matter  of  black  colour,  and  others  containing  liquids  and  gases 
occur  along  the  planes  of  fracture ;  but  the  bla^  stellate  enclosures 
are  rare.  Occasionally,  however,  black  or  dark-brown  enclosures 
are  seen  encroaching  from  the  fracture-planes  along  planes  parallel 
to  the  optic  axis  of  the  olivine  grain,  and  so  crowded  together  as  to 
render  the  crystal  black  and  opaque. 

In  addition  to  the  non-felspathic  rocks,  which  we  have  classed  as 
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dunites,  Iherzolites,  and  picrites,  we  have  the  felspathic  rocks  which 
must  be  assigned  to  the  troctolites  (anorthite-oliyine  rocks)  and  the 
eaorites  (anorthit^-angite  rocks). 

The  troctolites  (forellensteins)  in  all  cases  exhibit  intei^rowths 
of  felspar-crystals,  forming  a  mass  through  which  single  grains  or 
groups  of  grains  of  olivine  are  irregularly  distributed  (see  PI.  XIII. 
fig.  5).  Except  in  the  perfectly  fresh  and  unaltered  condition  of 
the  minerals  of  which  they  are  composed,  and  in  their  finer  grain, 
these  rocks  exactly  resemble  in  structure  the  well-known  forellen* 
stein  of  Yolpersdorf. 

The  eucrites  (anorthite-augite  rocks)  exhibit  both  the  granitic 
and  granulitio  types  of  structure.  An  interesting  example  of  the 
latter  variety  is  illustrated  in  PI.  XIII.  fig.  6. 

The  mass  of  basic  and  ultra-basic  rocks  in  the  island  of  Rum, 
which  covers  an  area  of  from  eight  to  ten  square  miles,  and  rises 
into  a  number  of  mountains  varying  from  2000  to  8000  feet  in 
height,  is  made  up  principally  of  the  minerals  anorthite  (or  a  felspar 
closely  approximating  in  composition  to  that  species),  augite,  and 
olivine.  When  all  three  are  present,  as  is  most  frequently  the  case, 
we  have  an  olivine-gabbro ;  when  the  first  disappears  we  get  a 
picrite,  when  the  second  is  wanting  we  have  a  troctolite,  and  when 
the  third  is  absent  a  eucrite.  When  both  the  first  and  second  are 
wanting  the  dunites  are  formed ;  and  the  addition  of  the  less  abun- 
dant minerals,  the  enstatites,  the  biotites,  and  the  spinellids,  gives 
rise  to  IherzoHtes  and  other  varieties.  All  these  forms  are  found 
passing  into  one  another  by  the  most  insensible  gradations,  and  it 
would  be  possible,  though,  I  think,  most  inexpedient,  to  propose 
names  for  other  curious  mineral  combinations  which  occur  here.. 

The  Shiant  Isles  offer  perfectly  similar  examples  of  transitions 
between  these  different  types  of  basic  and  ultra-basic  rocks. 

Pabt  II. 

ThB  PaIuSOZOIO  PEBmOTITBS  AND  AlLIBD  BoCKB. 

So  far  as  is  at  present  known,  there  are  no  peridotites  of  Mesozoic 
age  in  Scotland.  The  numerous  masses  of  more  or  less  altered 
ultra-basic  rocks  which  are  found  scattered  about  the  country,  appear 
to  have  been  formed  during  the  Palaeozoic  epochs ;  but  some  of  them 
may  be  of  ArchsBan  age.  Certain  of  these  old  peridotites  can,  how- 
ever, be  proved  to  be  of  the  age  of  the  Old  Red  Sandstone  and  the 
Carboniferous. 

At  first  sight  the  Palaeozoic  peridotites  of  Scotland  appear  to 
present  the  most  striking  contrast  in  their  characters  with  those 
which  we  have  been  describing  as  belonging  to  the  Tertiary  epoch. 
But  the  more  carefully  we  study  these  rocks,  the  more  distinctly  is 
it  seen  that  the  differences  between  the  older  and  younger  rock- 
masses  are  not  essentia]  but  accidental  ones, — the  result  of  al- 
terations which  have  taken  place  during  the  enormous  periods  of 
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time  which  have  intervened  between  the  eruption  of  the  older  and 
younger  rocks  respectively. 

In  the  Tertiary  peridotites  the  several  minerals,  olivine,  enstatite, 
augite,  picotite,  &o.,  are  perfectly  fresh  and  un weathered ;  but  in 
the  Palaeozoic  rocks  these  minerals  are  represented,  in  most  eases, 
only  by  their  pseudomorphs  ;  and  it  requires  the  most  carefiil  stadj 
to  determine  what  was  the  nature  of  the  original  rock.  When  this 
is  done,  however,  we  are  impressed  by  the  conviction  that  in  minen- 
logical  constitution,  as  well  as  in  structure,  these  Palseozoie  perido- 
tites present  us  with  examples  of  all  the  varieties  found  among  the 
Tertiary  peridotites. 

It  may  be  convenient  to  apply  distinct  names  to  sotne  of  these 
much  altered  igneous  rocks,  just  as  it  is  admissible  to  term  the 
indurated  argillaceous  sediments  shales,  while  we  call  the  less  altered 
rocks  clays.  But  it  is  a  fact  which  cannot  be  too  strongly  insisted 
upon  that  when  due  allowance  is  made  for  the  effects  of  sdteratioo, 
operating  during  the  enormous  intervals  of  time  which  have  separated 
the  eruption  of  the  Palaeozoic  and  Tertiary  peridotites,  the  agreement 
in  all  the  original  and  essentutl  characters  between  the  rocks  be- 
longing to  these  widely  separated  periods  is  of  the  most  complete 
chai-acter. 

§  1.   ALTERAnON  OP  THE  MdTERALS  IN  THR  PaL^ISOZOIC  PERnM>TITE8. 

The  most  striking  fact  concerning  the  Palaeozoic  peridotites  is 
that,  as  a  rule,  the  whole  of  the  original  minerals  of  the  rock  have 
been  converted  into  their  pseudomorphs.  The  bulk-analysis  of  the 
rocks  shows  that  they  differ  in  composition  from  the  Tertiary  peri- 
dotites by  the  addition  of  water,  and  the  diminution,  to  some  extent, 
of  the  siHoa  and  certain  of  the  bases.  The  olivines  have  been  con- 
verted into  serpentine ;  the  enstatites  are  often  represented  by  the 
same  mineral  or  by  steatite ;  the  augites  have  become  homblendei, 
and  the  felspars  have  similarly  been  changed  to  zoisite  and  other 
minerals. 

These  changes  are  of  a  totally  different  kind  from  those  which 
we  have  seen  to  affect  the  minerals  in  the  more  deeply  seated 
eruptive  rock-masses  of  the  Tertiary  period.  Whether  previously 
in  their  typical  form,  or  in  a  more  or  less  Schillerized  conditicm, 
these  minerals  of  the  Palaeozoic  peridotites  are  equally  affected  by 
changes  of  a  totally  different  character  and  origin.  In  some  cases 
the  change  consists  in  the  addition  of  water,  and  the  conversion  of 
an  anhydrous  silicate  into  a  hydrous  one.  In  other  cases,  the 
change  appears  to  be  a  purely  molecular  one,  the  conversion  of  an 
unstable  mineral  into  a  stable  one. 

That  these  changes  are  produced  at  moderate  distances  from  the 
surface  where  the  minerals  are  affected  by  the  percolation  of  atmo- 
spheric waters  there  cannot  be  any  doubt.  By  the  study  of  a  suffi- 
ciently large  series  of  specimens  it  can  be  shown  ihnt  the  changes 
in  question  have  reached  their  maximum  in  those  cases  where  the 
exposure  of  the  rocks  to  atmospheric  influences  has  been  greatest, 
while  more  deeply  seated  portions  of  the  rock  remain  comparatively 
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unaltered.  Moroover,  the  change  is,  in  many  cases,  seen  to  be  set 
np  from  the  surfaces  or  fissures  of  the  minerals  to  which  percolating 
atmospheric  waters  can  most  easily  find  access.  It  will  be  instruc- 
tive to  study  the  changes  which  the  several  minerals  are  found 
undergoing,  under  these  circumstances,  in  the  Faheozoic  peridotitee. 
Olivine  is  the  mineral  in  the  peridotites  which  undergoes 
change  most  easily,  and  in  almost  every  case  it  is  found  converted 
into  serpentine ;  indeed  it  is  quite  rare  to  find  examples  of  the  un- 
altered olivine  in  these  Paleeozoic  rocks.  The  occurrence  of  unmis- 
takable pseudomorphs  of  serpentine  after  olivine,  and  the  occurrence 
of  particles  of  unaltered  olivine  in  the  midst  of  the  serpentine 
masses,  afibrd  abundant  evidence,  however,  of  the  fact  that  the 
serpentine  is  for  the  most  part  altered  olivine. 

When  the  olivine  has  undergone  the  changes  described  in  the 
first  part  of  this  paper,  and  as  a  consequence  contains  stellate, 
tabular,  and  irregular  enclosures  of  magnetite  and  other  oxides, 
these  are  sometimes  seen  to  persist  after  the  hydration  of  the  enclos- 
ing mineral.  But  the  conversion  of  the  olivine  into  serpentine,  as 
is  well  known,  is  usually  accompanied  by  a  separation  of  magnetite, 
the  silica  combined  with  the  iron  of  the  original  mineral  being  pro- 
bably to  some  extent  carried  away  in  solution.  In  many  cases  it 
appears  to  be  impossible  to  separate  the  mixed  oxides  formed  during 
the  Schillerization  of  the  olivine  from  those  liberated  during  its 
serpentinization. 

The  Rhombic  Pyroxenes  (Enstatites)  undergo  change  much  less 
rapidly  than  do  the  olivines.  This  is  shown  by  the  fact  that  in 
rocks  which  have  originally  consisted  of  olivine  and  enstatite,  the 
former  mineral  is  often  entirely  changed  to  serpenline,  while  the 
latter  remains  comparatively  unaltered. 

The  change  which  the  enstatites  undergo  seems  to  vary  in  different 
esjses.  Mr.  G.^H.  Williams  has  described  an  interesting  example 
of  the  direct  conversion  of  a  ferriferous  enstatite  (hypersthene) 
into  a  brown  hornblende  ♦.  But  of  this  kind  of  change  I  have  not 
found  any  examples  among  the  numerous  enstatites  of  the  Scottish 
rocks.  On  the  contrary,  the  change  in  the  mineral  appears  usually 
not  to  be  a  simply  molecular  alteration,  but  to  be  the  result  of 
hydration.  Thus  in  the  enstatite-basalt  of  a  dyke  at  Oarroch  in  . 
Forfarshire,  the  fine  crystals  of  highly  ferriferous  enstatite  are  found 
passing  along  their  edges  and  fissures  into  a  green  substance  undi- 
stinguishable  from  that  found  in  similar  situations  in  olivine  crystals, 
and  in  some  cases  the  whole  crystal  is  converted  into  this  substance. 
Again,  in  the  serpentine  dyke  of  the  same  district,  the  central  and 
least  altered  portion  consists  of  serpentine  crowded  with  enstatite 
crystals,  but  in  the  more  altered  portions  of  the  same  mass,  the 
enstatite  is  seen  to  pass  into  serpentine  f. 

*  Amer.  Journ.  Sci.  Srd  aer.  toI.  zxriii.  (1884)  p.  262. 

t  Aooording  to  my  own  experience,  the  rhombic  pyroxenes  are  generally 
conreseted  into  a  serpentinous  material,  while  the  augites  pass  into  a  uralitio 
aubetanoe  or  directly  into  hornblende ;  and  I  would  yenture  to  suggest  that 
the  crystals  which  Mr.  Williams  describes  as  changing  into  hornblende,  in  the 
pAflnge  referred  to,  may  be  pseudo-hypersthene,  and  not  true  hypersthene. 
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When  the  enBtatite  has  been  previooslj  SchiHeriied,  the  diano- 
tenstic  enclosures  often  persist  after  the  serpentmiiatioii  of  ths 
material  in  which  they  are  enclosed.  We  may  thus  sometimes 
infer  the  former  existence  of  a  particular  mineial  in  a  rock  by  tiie 
presence  of  the  characteristic  endosores  of  the  mineral  in  the  midst 
of  its  alteration-products. 

The  Monodinie  Pyroxenes  (Augites)  usually  undergo  only  the 
molecular  change  by  which  tiiey  pass  into  iKgnblendee.  Thnt 
crystals  of  the  dark  brown  ferr^Garous  augite  of  the  Shiantrlsles 
rock  are  seen  passing  into  dariL-brown  hornblende  with  the  chanc- 
teristic  pleochroism  and  cleavage  of  that  mineraL  It  is  worthy  of 
notice,  as  pointed  out  by  Williams  *,  that  in  these  eases  of  the  eon- 
version  of  a  pyroxene  directly  into  hornblende  the  principal  pbnet 
of  the  two  minerals  are  parallel,  and  even  the  planes  of  twinning  of 
the  original  may  persist  as  such  in  the  altered  form  f. 

When  augite  has  been  submitted  to  Schillerization  before  alien- 
tion  the  results  are  of  a  very  different  kind,  as  is  so  weU  seen  in  the 
saussurite-gabbros  or  wurUtzites.  By  the  coUection  of  the  iron  of 
the  mineral  into  the  enclosures  a  substance  is  left  which  has  the 
composition  and  optical  properties  of  diopside,  and  this  is  altered 
into  the  green  varieties  of  hornblende  known  as  smaragdite  wd 
actinolite,  while  the  separated  iron-oxides  crystallize  by  them- 
selves. 

On  the  alterations  by  weathering  of  the  felspars  and  other  aeees- 
sory  minerals  of  the  peridotites  it  will  not  be  necessary  to  dwell  in 
detail,  as  they  are  not  essential  minerals  of  the  peridotites. 

§  2.  Yabibtibs  of  THB  Paljiosoic  Pbbidoiitbb. 

Of  all  the  varieties  of  the  peridotite  which  we  have  described  u 
occurring  among  the  intrusive  rocks  of  Tertiary  age,/representativei 
are  found  among  the  more  or  less  altered  Pakoozoic  igneous  masses. 

Rocks  like  the  dunites,  which  are  composed  almost  entirely  of 
olivine,  are  by  hydration  converted  into  serpentine,  and  some  <^  the 
very  pure  serpentine  masses  of  Scotland  were  in  all  probability 
originally  dunites. 

But  since  enstatite,  as  we  have  already  seen,  is,  like  olivine,  also 
converted  into  serpentine,  though  somewhat  more  slowly,  masses  ci 
pure  serpentine  may  be  formed  by  the  hydration  of  olivine-enstatits 
rocks  like  Iherzolite. 

Admirable  examples  of  such  altered  olivine-enstatite  roeks  have 
been  described  by  Professor  Bonney  as  occurring  not  only  at  the 
Lizard  in  Cornwall  but  at  Colmonell  in  Ayrshire  X.  My  own  exami- 
nation of  slices  taken  from  this  serpentine  leads  me  to  conclusions 

*  Anier.  Joum.  Sci.  ser.  3,  toI.  xxriii.  p.  264. 

t  In  some  onses  this  coaTeraion  of  augpte  into  homblsnde  takes  plaeo  direct]^, 
the  diohroio  hornblende  appearing,  as  it  were,  eating  into  the  non-diehroic 
augite.  But  in  other  cases  the  wnole  augite  crystal  appears  to  be  cooverted 
into  uralitio  and  fibrous  hornblende,  and  this  may  change  sabsequeotly  into 
common  hornblende. 

}  Quart  Joum.  Geol  See.  vol.  xxxi?  (1878)  p.  7C9, 
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identical  with  those  arriTed  at  in  this  paper  concerning  the  rocks  in 
question. 

An  equally  striking  example  of  a  rock  of  the  same  dass  occurs  in 
Forfarshire,  near  the  town  of  Eirriemnir.  This  rockVas  described 
in  the  year  1825  by  Sir  Charles  Lyell,  after  studying  it  with  the 
assistance  of  Dr.  Buckland,  as  a  mass  of  serpentine  forming  a  dyke 
which  intersects  the  Old  Bed  Sandstones  and  contemporaneous 
Tolcanic  rocks  of  the  district  *.  In  1875  I  had  the  adyantage  of 
studying  this  mass  of  serpentine  under  the  guidance  of  Sir  Charles 
LyeU.  The  dyke  of  serpentine  can  be  traced  running  for  a  length 
of  at  least  14  miles,  in  an  E.N  J),  and  W.S.W.  direction,  near  the 
southern  foot  of  the  Grampians,  and  parallel  to  that  range ;  it  is 
well  exhibited  in  several  deep  cavities,  cut  by  streams  descending 
from  the  mountains,  especially  those  of  the  Carity,  the  Frosen,  and 
the  South  Esk.  The  dyke  varies  in  width  at  different  points  from 
100  to  300  yards ;  it  encloses  *'  horses  "  or  masses  of  the  rocks 
traversed  by  it,  and  is  itself  intersected  by  other  intrusive  rocks. 
It  produces  marked  alteration  on  the  rocks  which  it  traverses  f. 

At  its  sides  the  rock  is  a  mass  of  serpentine,  traversed  by  nume- 
rous veins  of  chrysotile  and  exhibiting  no  evidence  of  the  minerals 
of  which  the  rock  was  originally  formed.  But  towards  the  centre, 
crystals  of  *'  Schiller  spar  **  make  their  appearance,  and  the  serpen- 
tine gradually  passes  into  a  hard  crystalline  mass  which  Lyell  com- 
pared with  the  rock  of  the  Cuchullin  Hills,  and  called  hypersthene- 
rock. 

Studied  by  the  aid  of  the  microscope,  this  central  and  least 
weathered  part. of  the  dyke  is  seen  to  be  made  up  of  serpentine, 
clearly  pseudomorphous  after  olivine,  and  containing  large  crystals  of 
a  fernferous  enstadte  in  a  more  or  less  advanced  stage  of  alteration 
into  bastite  and  serpentine.  In  some  portions  of  the  central  mass 
of  the  dyke  the  ferriferous  enstatite  prevails  almost  to  the  exclusion 
of  the  oHvine,  and  we  have  a  rock  strikingly  resembling  the  bronzite- 
rock  of  the  Kupferberg,  near  Bayreuth,  and  of  St.  Stephan  in  Upper 
Styria  (see  FL  XIII.  fig.  7).  This  is  a  type  of  rock  which  has 
not,  I  believe,  been  hitherto  recognized  in  the  British  Islands.  As 
we  trace  the  rock  outwards  from  the  central  mass,  the  alteration 
becomes  greater,  till  at  last  all  traces  of  the  individual  enstatite- 
crystals  disappear,  and  we  have  a  serpentine  in  which  no  vestige,  of 
the  original  mineral  constituents  of  the  rock  can  be  distinguished. 
Among  the  dykes  which  intersect  the  great  serpentine-mass,  I  found 
one  to  consist  of  a  coarse  dolerite  or  augite-gabbro,  while  another 
is  a  very  beautifid  example  of  a  hypersthene-  (ferriferous  enstatite) 
dolerite. 

The  serpentines  with  altered  bronzite,  frt>m  the  neighbourhood  of 
Aberdeen  t^  &ro  also  altered  olivine-enstatite  rocks. 

When  the  older  peridotites  contain  a  considerable  proportion  of 

*  Edinb.  Joum.  of  Sd.  vol.  iii.  (1826)  p.  112.     • 

t  I  am  much  indebted  to  Leomird  Lyell,  Esq.,  F.G.S.,  of  Kinnordy,  for 
seTeral  interesting  series  of  specimens  which  he  has  sent  me  from  this  district. 
I  See  Heddle,  Mineralog.  Mag.  toI.  t.  pp.  4-6. 
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augitc,  this  mineral  remains  enclosed  in  the  serpentine,  or  is  con- 
verted into  hornblende.  In  the  latter  case  we  have  a  rock  of  the 
same  class  as  that  described  by  Professor  Bonnej,  from  North 
Wales  and  the  Lake  district*,  as  homblende-picrite.  Two  examples 
of  such  altered  picrites  have  been  described  in  the  neighbourhood  of 
the  Firth  of  Forth. 

The  picrite  which  forms  an  eminence  on  the  S.W.  of  the  island 
in  the  Firth  of  Forth  was  discovered  by  Mr.  Adie,  and  described 
first  by  Dr.  A.  Geikie  t,  and  subsequently  by  its  discoverer  J.  The 
rock  may  be  classed  with  the  picrites,  though  it  sometimes  coatains 
a  not  inconsiderable  proportion  of  felspar.  It  is  an  interesting  cir- 
cumstance that  the  olivine  of  this  rock  is  sometimes  only  slightly 
serpentinized.  The  augite  is  sometimes  quite  intact,  but  is  some- 
times seen  passing  into  brown  hornblende.  Some  of  the  hornblende 
of  this  rock,  however,  may  be  original.  The  association  of  augite, 
hornblende,  and  biotite  in  the  rock  is  of  the  closest  kind,  but  it  is 
difficult  to  say  whether  this  association,  in  certain  cases,  should  be 
interpreted  as  due  to  intergrowth  or  to  paramorphio  changes.  I 
have  been  kindly  supplied  by  Mr.  T.  Waller,  of  Birmingham,  with 
the  following  analysis  of  thb  beautiful  rock : — 

Silica 37-8 

Alumina     9*7 

Ferric  oxide 3*4 

Ferrous  oxide    7'0 

Lime 4*1 

Magnesia   22*9 

Soda  (with  trace  of  potash)  ....  0*8 

Loss  on  ignition    140 

99-7 

As  leucoxene  occurs  among  the  alteration-products  in  the  rock, 
titanic  acid  is  certainly  present ;  it  was  not,  however,  specially 
determined  in  the  analysis,  and  it  has  therefore  been  included  in 
part  with  the  silica  and  in  part  with  the  alumina. 

The  specific  gravity  of  this  rock  is  2*81. 

The  picrite  of  Blackburn,  near  Bathgate  §,  which  has  also  been 
described  by  Dr.  A.  Geikie,  resembles  that  of  Inohoolm  in  its 
mineralogical  constitution,  but  is  of  especial  interest  to  geologists 
on  two  grounds.  If  the  interpretation  given  of  the  relations  of  this 
rock  be  a  correct  one,  it  affords  an  example  of  an  ultrabasic  rock 
oocurring  as  a  lava-stream,  and  at  the  same  time  illustrates  the 
possibility  of  the  heavier  minerals  in  a  lava  sinking  to  the  bottom 
of  it,  so  as  to  cause  the  lower  portions  of  the  stream  to  be  of  more 
basic  character  than  its  upper  part. 

There  is  one  of  the  older  peridotites  of  Scotland,  however,  which 

*  Quart.  Joom.  Geol.  See.  Toi.  xxxrii  (1881)  p.  137,  and  zzxix.  (1883)  p.  2M. 
t  Tnuii.  Rot.  8oo.  Edinb.  toI.  xxix.  (1880)  pp.  507, 508. 
*'  Cole's  Stodiet  in  MicroBOOiHcal  Soienoe,  toL  i.  (18)82}  p.  45. 
Trans.  Boy.  Soo.  Bdinb.  toL  xxix.  (1880)  pp.  504-507. 
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presents  so  many  peculiar  characters  that  it  appears  to  me  to  be 
worthy  of  special  description.  In  some  respects  it  appears  to  differ 
from  any  rock  of  the  class  that  has  preyiou^y  been  described. 


§  3.  The  Sctblite  (alteked  Mica-Horwblende-Pickite)  of 
Caithness. 

This  rock  is  of  so  remarkable  a  characier  and  affords  so  many 
striking  illustrations  of  the  principles  enunciated  in  the  foregoing 
pages,  that  a  detailed  description  of  it  seems  to  be  called  for. 

It  occurs  as  a  boss  rising  above  the  thick  mass  of  glacial  gravels 
on  Achavarasdale  Moor,  situated  in  the  Eeay  country  in  the  west 
of  Caithness,  near  to  where  that  county  borders  on  Sutherland.  It 
appears  first  to  have  attracted  attention  about  fifteen  years  ago, 
when  Sir  Bobert  Sinclair  and  Mr.  Tait  noticed  its  peculiar 
appearance,  and  brought  specimens  of  it  to  Thurso  to  submit  to  the 
late  Eobert  Dick. 

Mr.  David  Gunn,  of  Thurso,  and  Mr.  John  Gunn,  of  Dale,  near 
Halkirk,  have  taken  much  interest  in  this  peculiar  rock  and  its 
surroundings,  and  have  sent  specimens  of  it  to  different  museums 
and  to  geologists  in  various  parts  of  the  country.  To  the  former 
gentleman  I  am  indebted  for  a  carefully  constructed  plan,  showing 
the  dimensions  and  positions  of  the  singular  rock-mass,  with  a  series 
of  specimens  taken  from  different  parts  of  it ;  to  the  latter  I  am 
under  the  very  greatest  obligation  for  specimens  of  the  material  in 
the  best  state  of  preservation  and  for  much  valuable  information 
collected  with  much  care  and  patience. 

The  boss  of  highly  glittering  rock,  which  is  said  to  rise  about 
10  feet  above  the  general  level,  is  about  9  yards  long  from  S.W.  to 
N.E.  and  about  7i  yards  broad  from  N.W.  to  S.E.  It  is  surrounded 
by  a  mass  of  disintegrated  fragments  derived  from  the  same  rock, 
which  extends  over  a  nearly  circular  area  about  25  yards  in 
diameter ;  excavation  to  the  depth  of  6  feet  in  this  disintegrated 
material  failed  to  reach  the  solid  rock.  The  bright  silvery  scales 
so  abundant  in  the  rock  and  the  soil  derived  from  it,  together  with 
the  covering  of  grass  with  which  it  is  clothed,  make  the  boss  a  very 
conspicuous  object  in  the  midst  of  the  heath-covered  moor. 
Prof.  Heddle  states  that  the  rock  which  surrounds  the  boss  on  all 
sides  is  a  "syenitic  gneiss ;"  but  owing  to  the  thick  covering  of  drift- 
gravel  the  actual  junction  between  the  two  rocks  has  not  been 
reached  in  any  of  the  excavations  that  have  been  made. 

Carefully  selected  specimens  of  the  rock  were  sent  to  Mr.  Hugh 
Kobert  Mill,  B.Sc.,  F.I.C.,  and  by  him  were  submitted  to  chemicid 
analysis  in  the  laboratory  of  the  University  of  Edinburgh.  I  have 
that  gentleman's  permission  to  publish  the  results  which  he  obtained. 
Three  more  or  less  complete  analyses  of  the  rock  were  made,  giving 
the  following  results :  — 
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L  iL           in. 

SiUca 4174  4217             i20i 

Total  iron  as  ferrio  oxide    11-58  10*36              10-92 

Alumina    3-08  8-97               3*48 

Magnesia  2683  30-65 

Lime 4*75  377 

Manganous  oxide 70 

Soda  and  potash  485  1-90 

Water  and  carbonic  acid 778  7*19               7*67 

Ferrous  oxide  3*63  2-01               2*40 

From  a  discussion  of  the  results  which  the  aaaljrst  considered 
most  reliable,  he  gives  the  following  as  the  composition  of  the  rook: — 

Silica    42-10 

Alumina 3-28 

Ferrio  oxide 8-27 

Ferrous  oxide 2*13 

Manganous  oxide     *70 

Lime     3-77 

Magnesia 30-65 

Soda  and  potash 1-90 

Water  and  carbonic  acid ....  7*73 


100-53 


The  specific  gravity  of  the  rock  was  determined  for  mo  by  Mr. 
Grenville  Cole  on  the  least  altered  specimen  I  could  procure,  and 
proved  to  be  2-82. 

The  proportions  of  siHoa,  alumina,  magnesia,  and  water  indicate 
that  the  rock  belongs  to  the  class  of  the  ultrabasio  rooks,  and  that 
it  is  in  an  altered  and  hydrated  condition. 

The  macroscopic  appearance  of  this  rock  is  very  peculiar.  It  most 
nearly  resembles  some  of  the  so-called  ^'Schiller-spars,'' especially 
the  paler  varieties  known  as  diadasite ;  but  closer  examination 
shows  that,  as  Prof.  Heddle  pointed  out,  it  is  a  perfectly  unique  rock. 

The  most  conspicuous  mineral  in  the  rock  has  a  mieaoeoui 
appearance,  with  a  pale  bronzy-yellow  colour  and  a  submetallio 
lustre.  The  rock  breaks  in  large  flat  planes,  along  the  cleavage  of 
this  mineral,  and  in  some  cases  these  planes  of  fracture  out  one 
another  at  such  sharp  angles  as  to  give  the  impression  that  the  rock 
is  made  up  of  a  number  of  large  prismatic  crystals.  At  the  request  of 
Mr.  L.  Fletcher,  to  whose  advice  and  assistanoe  I  am  greatly 
indebted  in  connexion  with  these  studies,  Mr.  Miers,  of  the  Natural 
History  Museum,  made  a  series  of  measurements  with  ihe  contact 
goniometer,  the  results  of  which  were  so  discordant  as  to  prove 
that  these  planes  are  neither  crystal-faces  nor  planes  of  deavage. 
The  conclusion  was  confirmed  by  the  study  of  large  sections  of  the 
rock,  which  show  that  the  micaceous  mineral  lies  in  diif  erei|t  positions 
within  each  of  the  pseudo-crystals. 

Prof.  Heddle  regarded  the  micaceous  mineral  as  talc  \  and  he 
states  that  the  rock  is  made  up  of  that  mineral,  with  augite,  some 

*   Mineralogical  liagaxine,  vol.  t.  (1884)  p.  200. 
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serpentine,  and  magnetite.  But  while  the  hardness  of  the  micaceous 
mineral  is  very  variable,  depending  on  the  extent  of  alteration  it  has 
undergone,  I  found  it,  in  fresh  specimens,  to  be  no  less  than  3  of  Mohs' 
scale.  The  spedfio  gravity  was  determined,  by  taking  the  density 
of  a  solution  of  the  boro-tungstate  of  cadmium,  in  which  particles  of 
the  mineral  remain  just  suspended,  to  be  2*8 ;  examined  with  the 
blowppe  it  isfolmd  to  be  extremely  infusible,  only  the  very  thinnest 
splinters  showing  traces  of  whitening  and  fuision  on  the  edges  after 
prolonged  action  with  a  powerful  flame.  In  the  blowpipe-beads  it 
gave  a  faint  iron-reaction.  It  is  scarcely  acted  upon  at  all  by 
either  boiling  hydrochloric  or  sulphuric  acid. 

The  general  appearance  and  many  of  the  properties  of  this 
mineral  so  strongly  resembled  those  of  the  altered  enstatites 
(diadasite  or  bastite,  &c.)  that  I  was  for  some  time  inclined  to 
refer  it  to  one  of  tiiose  species.  This  conclusion  appeared  to  be 
confirmed  by  a  study  of  slices  under  the  microscope ;  for  while  its 
extinction  appeared  to  be  that  of  a  liiombic  mineral,  it  was  seen  to 
contain  great  numbers  of  tabular  inclusions,  like  those  found  in, 
and  oft^  regarded  as  characteristic  of,  enstatite,  bronzite,  and 
hypersthene.  A  thin  flake  of  substance  which  was  examined  by 
Mr.  Fletcher  in  a  polariscope  with  convergent  light  seemed  to  indi- 
cate that  the  min^td  is  a  uniaxial  one,  however,  and  I  accordingly 
determined  to  attempt  to  isolate  the  mineral  and  submit  it  to  analysis. 

The  isolation  of  the  mineral  proved,  in  this  case,  to  be  a  task  of 
considerable  difficulty.  Prom  the  powdered  rock  the  magnetite  and 
the  minerals  which  adhered  to  it  were  removed  by  an  electro-magnet. 
The  irr^^ular  grains  of  serpentine,  it  was  found,  could  be  separated 
from  the  flaky  particles  of  the  micaceous  mineral  and  of  hornblende 
by  repeated  washings  in  water.  But  the  latter  two  minerals 
were  found  to  be  only  very  imperfectly  separated,  owing  to  their 
similar  density,  by  the  boro-tungstate  solution ;  and  enough  material 
for  a  partial  analysis  ootdd  in  the  end  be  only  obtained  by  laborious 
picking  under  the  microscope.  I  am  greatly  indebted  to  my 
assistants  in  the  geological  laboratory  of  the  Normal  School  of 
Science,  Mr.  G.  Cole  and  Mr.  W.  AtUnson,  for  the  patience  and 
care  with  which  they  carried  out  this  process  of  separation  and  the 
subsequent  chemical  operations.  These  operations  were  necessarily 
performed  upon  extremely  small  quantities  of  material,  so  that  the 
results  obtained  from  the  several  different  determinations  did  not 
show  a  very  close  agreement.  They  were,  however,  sufficient  to 
proTe  that  the  mineral  had  a  composition  which  may  be  approximately 
represented  as  follows : — 

Silica 38-0 

Alumina 13'0 

Iron  oxide  calculated  as  ferric  oxide 4*5 

Lime 6*0 

*  Magnesia 24*0 

Water    6-5 

Alkalies  ?  by  difference    3*0 
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It  will  be  observed  that  this  analysis  differs  from  that  of  biotite, 
the  only  uniaxial  mineral  which  suggests  itself  for  comparison,  by 
the  low  proportion  of  ferric  oxide  (which  is  only  to  some  exteot 
compensated  for  by  the  higher  alumina-percentage),  by  the  large 
proportion  of  lime  and  water,  and  the  probably  low  percentage  of 
the  alkalies. 

Under  these  circumstances  it  became  necessary  to  make  as  accurate 
an  examination  of  the  optical  properties  of  the  mineral  as  was 
possible,  and  in  doing  this  I  had  the  great  advantage  of  the  advice 
and  assistance  of  Mr.  L.  Fletcher.  Plakes  of  the  mineral  were 
mounted  in  Canada  balsam,  and  examined  by  means  of  a  microscope 
constructed  by  Nachet,  of  Paris,  on  the  pattern  described  by 
MM.  Fouqu^  and  Michel  L^vy*.  This  microscope  has  the  great 
advantage  of  permitting  the  interference-figures,  exhibited  by 
the  pokuriscope  with  the  converging  system  of  lenses  of  Bertrand 
and  von  Lasaulx,  to  be  examined  even  with  the  highest  powers. 
We  found  in  this  way  that  not  only  was  the  mineral  practically 
uniaxial,  but  that  even  when  compared  with  other  so-called  uniaxial 
crystab,  like  the  Vesavian  meroxene,  for  example,  the  interference- 
figures  indicate  an  excessively  small  axial  angle.  The  only  mica 
with  anything  like  so  small  an  axial  angle  which  we  were  able  to 
find  was  a  remarkable  pale-coloured,  silvery  biotite  from  Easton,  in 
Pennsylvania,  which  does  not  appear  to  have  been  analyzed,  though 
its  optical  characters  have  been  described  by  Blakef. 

In  the  determination  of  the  other  minerals  in  the  rock,  far  less 
difficulty  was  experienced. 

The  most  abundant  constituent  of  the  rock,  as  seen  in  thin  sections 
under  the  microscope,  was  found  to  be  a  green  hornblende.  In  the 
greater  part  of  the  rock  the  characters  of  this  mineral  were  clear 
and  unmistakable.  By  transmitted  light  its  colour  is  a  very  pale 
green,  and  its  pleochroism,  though  distinct,  was  by  no  means  vivid. 
Basal  sections  afforded  the  means  of  measuring  the  angle  of  the 
principal  cleavages  as  exhibited  in  well-marked  deavage  cracks,  and 
left  no  doubt  as  to  the  spedee  of  the  mineral,  and  this  is  oonfirmed 
by  its  extinction-angle.  In  many  places  the  hornblende  is  very 
dear' and  fresh-looking,  and  free  from  indusions  of  all  kinds  except 
the  grains  of  magnetite  scattered  through  it  But  in  plaoes  tins 
pale  green  mineral  exhibits  traces  of  the  peculiar  tabular  indusions 
of  diaJlage,  and  in  such  portions  of  the  crystals  the  extinction-angle 
indicates  that  we  are  dealing  with  an  augite  rather  than  with  a 
hornblende.  The  condusion  to  which  I  am  led  by  the  study  of  a 
large  series  of  preparations  of  this  ro<^  is,  that  the  minend  was 
originally  augite,  that  it  was  by  SchiUerization  converted  into  diaUage, 
and  that  subsequently  this  diallage  was  amphibolized.  In  many 
slices  of  the  rock,  however,  the  mineral  is  a  perfectly  dear  and 
fr-esh-looking  hornblende,  and  exhibits  no  trace  of  its  secondary 
origin. 

Enclosed  in  the  hornblende,  and  often  penetrating  into  its  fissures, 

*  Min^ralogie  Mierographique  (1879),  p.  27. 
t  Amer.  Journ.  Sd.  vol.  xii.  (IST)!)  p.  6. 
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is  a  dark-green  serpentine.  Examined  with  high  powers  of  the 
microscope,  this  serpentine  is  seen  to  he  filled  with  hlack  and  hrown 
endosores,  some  rod-like  and  stellate  in  form,  others  of  a  tahular 
character.  Sometimes  these  inclusions  are  arranged  in  one  set  of 
parallel  planes  only ;  in  other  cases  they  lie  in  two  sets  of  planes 
intersecting  one  another.  There  can  he  no  doaht  that  much  of  this 
serpentine  is  pseudomorphous  after  olivine ;  hut  some  of  it  may 
replace  enst^atite. 

The  micaceous  mineral  presents  very  different  conditions  in 
different  portionif  of  the  rock.  Most  frequently  it  appears  to  have 
been  changed  into  a  creamy  yellow,  amorphous  substance,  which  by 
polarized  light  shows  all  the  characters  of  an  alteration-product ; 
but  in  the  fresher  examples  of  the  rock  it  exhibits  the  peculiar 
outlines  and  the  strong  basal  cleavage  of  a  mica.  From  ordinary 
biotite,  however,  it  is  distinguished  at  once  by  its  pale  colour,  a 
faint  buff-yellow,  and  its  feeble  pleochroism,  which  is,  however, 
sufficiently  well  marked  to  be  unmistakable.  In  places  the  fresher 
part  of  this  mineral  is  rendered  black  and  almost  opaque  by  the 
abundance  of  tabular  inclusions  which  it  contains ;  these  appear  to 
be  arranged  in  planes  parallel  with  the  basal  plane,  that  is  to  say 
in  the  direction  of  the  principal  cleavage.  The  distribution  of  these 
inclusions  is  strikingly  local,  some  parts  of  the  mica  crystals  being 
almost  entirely  free  from  them,  while  in  adjoining  portions  they 
have  become  so  frequent  as  to  entirely  destroy  the  translucency  of 
the  crystal. 

Small  grains  of  magnetite  are  found  scattered  through  all  the 
minerals  of  the  rock ;  but  of  accessory  minerals  there  are  only  a  few 
traces.  Very  rarely  indeed  could  any  minerals  be  detected  which 
might  be  regarded  as  alteration-products  of  felspar. 

By  drawing,  with  the  aid  of  a  camera-lucida,  the  outlines  of  the 
crystals  in  a  section  of  the  rock,  and  cutting  out  and  weighing  the 
fragments  of  paper  representing  each  mineral,  an  estimate  was 
formed  of  the  proportions  which  the  several  minerals  bore  to  one 
another  in  the  rock.  The  operation,  repeated  in  the  case  of  a 
number  of  sections,  so  as  to  afford  a  good  general  average,  gave  the 
following  percentages : — 

Hornblende 58-6 

Serpentine 22-0 

Altered  mica    18*6 

Magnetite  and  accessory  1  -../^ 

minerals j 

This  result  appears  at  first  sight  very  different  from  what  might 
be  expected  from  a  macroscopic  inspection  of  the  rock,  which  would 
lead  one  to  regard  the  conspicuous  mica  as  the  predominant  con- 
stituent. But  minerals  with  a  strong  cleavage  like  mica  are  very 
apt  to  make  a  much  greater  show  on  fractured  rock-surfaces  than 
their  actual  abundance  in  the  rock  entitles  them  to  do. 

The  microscopic  structure  of  the  rock  is  a  very  marked  one.  The 
hornblende-crystals  enclose  rounded  grains  of  serpentine  and  crystals 

a.J.G.S.  No.  163.  2p 
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of  mica.  The  hornblende  occupies  precisely  the  same  reUtion  to 
these  minerals  as  the  angite  does  to  the  olivine  in  the  peridotites  of 
the  Sbiant  Isles.  The  stmctore  of  the  scydite  is  therefore  distinctly 
ophitic. 

The  study  of  this  rock  leads  to  the  condnsion  that,  in  spite  of 
the  clear  and  fresh  appearance  of  most  of  the  minerals  of  whidli  it 
is  made  up,  they  are  all  of  secondary  origin. 

The  hornblende  is  a  paramorph  after  augite,  some  at  least  of 
which  had  been  previously  converted  into  diallage.  Very  similar 
hornblende  occurs  in  some  examples  of  the  picrit^  of  Schrieshdni, 
and  this  rock  exhibits,  as  Professor  Bonney  observes,  every  gradation 
from  augite  to  hornblende  ♦. 

The  serpentine  of  the  rock  clearly  replaces  olivine,  and  in  some 
cases  probably  enstatite  also,  as  is  indicated  by  the  peculiar  nature 
of  the  enclosures,  which  often  persist  and  retain  their  form  after  the 
hydration  of  the  enclosing  mineral. 

Whatever  the  micaceous  mineral  should  now  be  called,  it  appears 
to  have  been  originally  a  highly  magnesian  biotite,  that  is  to  saj 
an  approximately  uniaxial  mica.  Its  pale  colour  and  feeble 
pleochroism  appear  to  be  clearly  related  to  the  low  percentage  of 
iron  which  it  contains. 

Another  peculiarity  in  this  micais  probably  the  replacement  of  much 
of  the  alkaUes  by  basic  water.  How  far  these  peculiarities  of  the 
mineral  are  original,  and  how  far  they  are  of  secondary  origin,  it 
may  be  difficult  to  determine.  The  abundant  tabular  enclosures  in 
the  mineral  point  to  the  condusjpn  that  SohiUerization,  or  the  dis- 
solving-out of  the  iron  and  its  collection  into  the  hollows  of  negatiye 
crystals,  has  gone  on  to  a  considerable  extent.  It  was  probably  at 
the  first  a  biotite,  very  rich  in  magnesia  and  poor  in  iron,  with  the 
potash  largely  replaced  by  basic  water ;  but  some  of  the  iron  and 
the  alkalies  have  not  improbably  been  removed  during  the  process  of 
8chillerization. 

That  such  biotites  with  a  low  percentage  of  iron  not  unfrequently 
occur  in  the  ultra-basic  rocks  is  highly  probable.  I  have  found  a 
mica  similar  to  that  of  the  scyelite  in  several  altered  peridotites, 
among  others  some  varieties  from  Schriesheim.  The  mineral  may 
easily  be  mistaken  for  an  altered  enstatite,  from  its  optical  properties. 

Dr.  Heddle  has  analyzed  a  mineral  occurring  in  tiie  serpentine  of 
Milltown,  Glen  Frquhart  t,  which  appears  to  be  analogous  to  the 
biotite  of  the  scyelite.  The  mineral  is  stated  to  be  pale  green  or 
nearly  white  in  colour,  to  have  a  specific  gravity  of  2'781,  and  to  be 
associated  with  large  pale  crystals  of  hornblende. 

The  analysis  is  as  follows : — 


*  Quart.  Journ.  Geol.  Soa  vol  xzxix.  (1883)  p.  256.  [Profeeeor  Cohen  hm 
recently  pointed  out  that  the  mineral  formeriy  taken,  for  diallace  in  the 
Sohriesheim  piorite  is  really  hornblende  (Neues  Jahrb.  fear  Min.  1895,  toL  i. 
p.  242).] 

t  Trans.  Boy.  Soo.  Edinb.  vol  zzix.  (1680)  p.  la 
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SiKca 40-307 

Alumina 12-582 

Ferric  oxide   1-809 

Ferrous  oxide 3*335 

Manganous  oxide  0-384 

Lime  7-581 

Magnesia    21-000 

Potash    6-561 

Soda    0-953 

Water 6-738 


100-250 

The  small  proportion  of  the  iron-oxides  and  the  quantity  of  lime 
surest  a  resemblance  to  the  mineral  of  the  scyelite.  This  pale- 
coloured  mica  is  said  to  pass  into  a  |ustrous  brown  variety  of 
ordinary  biotite,  containing  4-913  per  cent,  of  ferric  oxide  and  19-802 
of  ferrous  oxide. 

Nowhere  perhaps  would  it  be  easy  to  find  a  better  example  of 
the  different  changes  to  which  the  minerals  of  igneous  rocks  are 
subject.  If  our  interpretation  be  correct,  the  scyelite  was  originally 
a  picrite  with  well-marked  ophitic  structure,  made  up  of  augite, 
enclosing  and  intercrystallized  with  grains  of  olivine,  with  some 
enstatite,  to  which  was  added  a  considerable  quantity  of  a  highly 
magnesian  biotite. 

The  first  change  to  which  this  rock  was  subjected  was  clearly  due 
to  deep-seated  action,  and  resulted  in  the  conversion  of  a  part,  at 
least,  of  the  augite  into  diaUage,  in  the  development  of  tabular  and 
other  enclosures  in  the  olivine  and  enstatite,  and  in  a  similar  change 
in  the  biotite. 

Subsequently  to  this,  and  under  totally  different  conditions,  a  new 
set  of  changes  was  brought  about  in  the  rock.  The  augite  was 
converted  into  hornblende,  the  olivine  and  enstatite  into  serpentine, 
and  the  mica  became  more  or  less  hydrated,  losing  in  some  parts  of 
the  mass  its  physical  and  optical  properties.  Yet  during  all  these 
changes  the  form  and  relations  of  the  original  minerals  were  not 
destroyed,  and  in  the  later  alterations  the  structures  produced  by 
the  first  set  of  changes  were  so  far  spared  as  to  admit  of  our  deci- 
phering the  history  of  this  singular  rock. 

SXTMKABT  OF  EbSULTS. 

From  the  observations  described  in  the  preceding  pages,  it  appears 
that  many  rock-forming  materials  may  be  made  to  assume  new  and 
unfamiliar  aspects  by  the  development  of  enclosures  along  certain 
planes  within  their  crystals.  In  this  way  the  augites  are  converted 
into  diallages  and  pseudo-hypersthenes,  and  the  ferriferous  enstatites 
into  bronsites  and  the  varieties  to  which  the  name  of  hypersthene 
-WBB  originally  applied ;  similarly,  olivine  passes  into  a  black,  opaque, 
fissile  mass,  which  has  frequency  been  taken  for  magnetite,  and  the 
felspars  acquire  avanturine  and  diatoyant  characters.    For  the  process 
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by  which  this  change  has  been  brought  about,  the  name  of '^Schilleriza- 
tion  "  is  proposed,  and  diallage  and  common  hypersthene  are  Bhown 
to  be  Schillerized  forms  of  augite  and  ferriferous  enstatite  reepec- 
tirely.  In  the  case  of  some  minerals,  and  notably  the  rhombic 
pyroxenes,  the  altered  forms  are  much  more  familiar  to  minera- 
logists than  the  unaltered. 

The  enclosures  which  exist  in  these  Schillerized  minerals,  giTing 
rise  to  their  peculiar  colour,  lustre,  and  sheen,  are  of  the  nature 
of  negative  crystals,  more  or  less  completely  filled  with  products  of 
decomposition,  such  as  hydrated  silica  and  hydrated  ferric  oxide. 
When  these  isotropic  mixtures  fill  the  whole  cavity  of  the  negatiye 
crystal,  the  enclosures  appear  to  have  definite  crystalline  forms ; 
in  many  instances,  however,  they  form  patches  with  more  or  less 
irregular  outlines,  partially  filling  the  hollow  of  the  negative  crystal; 
and  sometimes  the  crystalline  forces  have  come  into  play  and  have 
caused  them  to  assume  *'  debdritic"  forms  within  the  cavities  where 
they  are  deposited.  These  negative  crystals,  with  their  contents, 
vary  greatly  in  size,  from  objects  visible  to  the  naked  eye  down  to 
such  as  can  only  just  be  recognized  by  the  highest  powers  of  the 
microscope,  while  there  are  probably  others  which  are  ultramicro- 
scopic  in  their  dimensions. 

The  production  of  the  Schillerized  condition  in  minerals  is  shown 
to  be  related  to  the  depth  at  which  the  crystals  have  originally 
existed  in  the  great  central  cores  of  the  Hebridean  volcanoes.  The 
Schillerized  forms  of  the  minerals  are  only  found  in  deep-seated 
intrusive  rock-masses  ;  but  the  converse  of  this  statement  is  not  true, 
for  in  deep-seated  rocks  this  change  is  sometimes  evidently  local,  and 
some  of  the  crystals  may  have  altogether  escaped  it.  The  degree 
of  SchiUerization  increases  also  wi^  the  depth  at  which  the  rock 
has  existed. 

An  efficient  agent  for  the  production  of  this  SchiUerization,  that 
is  the  formation  of  negative  crystals  and  their  more  or  less  complete 
infilling  with  decomposition-products,  is  pointed  out  in  the  solvent 
action  of  heated  water  and  other  fiuids  acting  under  great  pressure. 

This  solvent»action  takes  place  most  readily  along  certain  phines 
within  the  crystal,  and  these  directions  of  greatest  susceptibility  to 
chemical  action  differ  from  those  of  easiest  fracture  (cleavage-planes) ; 
the  positions  of  such  planes  are  perhaps  also  dependent  to  some  extent 
on  twin-structure,  facts  for  which  we  were  prepared  by  the  doeely 
related  phenomena  of  the  Aetzfiguren.  We  have  here,  in  fact,  the 
phenomena  of  the  Aetzfiguren  seen  in  three  dimensions — that  is  to 
say,  displayed  in  a  solia  instead  of  on  a  surface. 

In  some  cases  the  secondary  products  contained  in  the  negative 
crystals  seem  to  be  derived  from  the  mineral  in  which  the  hollows 
occur ;  in  other  cases,  as  in  the  felspars,  it  is  dear  that  they  must 
have  been,  in  part,  brought  from  outside  the  crystals  affected 

The  partial  solution  of  minerals  which  results  in  the  formation  of 
negative  crystals  within  them  often  brings  about  great  changes  in 
the  colour,  in  the  pleochroism,  and  in  the  positions  and  relations  ol 
the  optic  axes  of  the  original  crystals.    It  is  probable  that  the  iron' 
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silicates  are  among  the  first  to  be  attacked  by  the  solvent  agents,  and 
the  products  formed  by  their  decomposition  are  the  first  to  be  de> 
posited  within  the  negative  crystals. 

To  the  same  cause,  the  presence  of  water  and  other  liquids  under 
pressure,  we  must  assign  the  formation  of  a  network  of  cavities 
along  fissures  of  the  crystals  of  rock-forming  minerals,  these 
cavities  containing,  in  some  cases,  liquids  with  bubbles,  and  in 
others  solid  substances  which  hav/B  crystallized  within  them. 

While  these  networks  of  cavities  sometimes  lie  along  actual 
fissure-planes  in  the  crystal,  in  many  other  cases  they  form  bands 
traversing  the  crystal  where  no  actual  rupture  can  be  seen  to  have 
taken  place.  These  bands  of  cavities  probably  indicate  portions  of 
the  crystal  which  have  been  in  a  condition  of  intense  strain,  along 
which,  according  to  a  well-known  physical  law,  solvent  agencies 
operatQ  with  greater  force  than  elsewhere.  The  same  band  of 
enclosures  (marking  a  plane  of  strain)  is  often  found  traversing  a 
number  of  adjoining  crystals  in  a  rock. 

The^  change  by  which  certain  felspars  acquire  their  beautiful 
play  of  colours  is  analogous  to  that  by  which  the  avanturine  appear- 
ance, or  Schiller,  is  acquired ;  but  the  former  alteration  appears  to 
be  an  ultramicroscopic  one.  It  probably  consists  of  the  development 
of  thin  plates  of  hydrous  silica  in  a  set  of  parallel  planes  within  the 
crystal.  like  the  Schiller  structure,  it  is  characteristic  of  minerals 
which  have  formed  parts  of  deep-seated  rocks. 

The  twin-lameUee  found  in  most  plagioclase  felspars  appear  not 
to  be  necessary  and  original  structures  of  the  crystals,  but  to  have 
been  developed  in  them  by  strain,  like  the  similar  twin-lamellad  in 
the  rock-forming  calcites.  While  some  of  these  twin-lamellaa  are 
probably  produced  by  the  stresses  and  strains  set  up  during  the 
cooling  of  a  crystal  after  its  first  formation,  as  was  illustrated  ex- 
perimentally by  Foerstner,  others  among  them  are  clearly  of  long 
subsequent  date  to  the  consolidation  of  the  rock,  and  have  been 
developed  by  the  mechanical  forces  which  liave  affected  the  whole 
rock-maas  leading  to  the  formation  of  cracks  in  the  crystals  which 
compose  it. 

By  Schillerization  the  most  striking  mimicry  of  one  mineral  by 
anoUier  may  be  produced.  Thus  the  first  stages  o  f  the  Schillerization 
of  the  monoclinic  and  rhombic  p}Toxenes  are  diallage  and  bronzite 
respectively,  minerals  which  have  been  constantly  mistaken  for  one 
another ;  by  a  further  change  the  same  minerals  may  in  turn  pass 
into  pseudo-hypersthene  and  true  hypersthene,  minerab  which 
present  the  most  striking  similarity  in  their  colour,  lustre,  and  also 
in  their  general  aspect,  when  viewed  in  thin  sections,  and  can  only 
be  disting^hed  by  their  optical  properties. 

All  the  minerals,  whether  in  their  normal  form  or  in  their  Schil- 
lerized  condition,  may  be  converted  into  their  pseudomorphs ;  and 
tlua  change  is  not  always  a  molecular  one  only  (paramorphism),  but 
is  sometimes  accompanied  by  hydration  due  to  the  action  of  water 
penetrating  from  the  surface  or  by  other  changes  in  their  compo- 
gition.     Under  such  conditions  augite  is  converted  into  hornblende, 
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enstatite  into  bastite,  and  olivine  into  serpentine.  These  changes, 
which  are  quite  distinct  in  their  nature  and  their  origin  from 
Schillerization,  may  he  greatly  modified,  however,  by  the  alteration, 
due  to  deep-seated  action,  which  the  minerals  have  previously  un- 
dergone. 

As  diallage  is  only  an  altered  form  of  augite,  it  is  impossible  to 
maintain  as  a  separate  dass  rocks  whose  only  distinction  is  Uie 
presence  of  that  variety.  Hence,  as  many  petrographers  have 
admitted,  it  becomes  difficult  to  accept  the  mineralogical  distinc- 
tion between  gabbro  and  diabase.  The  name  gabbro  is  so  con- 
venient, that  its  retention  is  advocated  for  all  the  most  perfectly 
holocrystalline  (granitic)  varieties  of  basic  rocks,  whether  the  augite 
is  in  its  normal  condition  or  its  Schillerized  form  (diallage).  The 
name  diabase  may  be  more  conveniently  employed  for  altered  forms 
of  dolerite. 

In  many  cases  the  process  of  Schillerization  has  resulted  in  the 
conversion  of  the  olivine  into  a  black  and  opaque  substance,  often 
mistaken  for  magnetite.  Many  of  the  gabbros  supposed  to  contain 
no  olivine  in  reality  have  their  olivine  in  this  curiously  altered 
state.  The  class  of  the  olivine-gabbros  is  much  larger  than  is 
usually  supposed,  and  the  group  of  gabbros  without  olivine  is 
proportionally  restricted. 

It  has  been  shown  that  in  the  Western  Isles  of  Scbtland  there 
exists  a  series  of  ultra-basic  rocks  of  Tertiary  age  which  exhibit  all 
the  essential  features  of  the  xdtra-basio  rocks  of  pre-Tertiary  age,  and 
like  them  may  be  classed  under  the  varieties  of  dunite,  IherzoHte, 
picrite,  eucrite,  and  troctolite.  These  rocks  are  most  intimately 
associated  with  the  gabbros  and  dolerites  of  the  district,  an 
assoeiation  which  finds  an  exact  parallel  in  the  case  of  their  older 
representatives. 

The  study  of  the  remarkable  changes  which  the  minerals  ol 
these  rocks  undergo,  as  they  are  traced  to  successive  depths  from  the 
original  surface,  is  greatly  facilitated  by  the  fact  that,  in  consequence 
probably  of  the  late  period  of  their  eruption,  they  have  suffered  but 
little  from  agents  acting  from  the  surface.  In  many  cases  the 
felspars  exhibit  no  trace  of  kaolinization,  the  augites  are  fresh  and 
show  no  signs  of  uralitization,  and  the  olivines  are  not  in  the  least 
serpentinized ;  thus  the  changes  which  are  due  to  the  action  of  deep- 
seated  waters  are  not  in  the  least  degree  complicated  with,  or 
concealed  by,  alteration  of  a  totally  different  character  and 
origin. 

But  in  the  masses  of  peridotite  of  PalsDozoic  age  v^ch  are 
scattered  about  Scotland  quite  opposite  conditions  prevail.  Hie 
dunites  are  converted  into  serpentine-rock,  the  Iherzolites  into 
bastite-serpentine,  the  enstatite-rocks  into  bastite-rodcs,  and  the 
aiigite-picrites  into  homblende-picrites.  But,  in  all  these  cases,  a 
careful  study  of  the  altered  materials  shows  that  originally  they 
were  identical  in  mineralogical  constitution  and  in  structare  with 
the  peridotites  of  Tertiary  age. 

In  the  scyelite  of  Caithness  we  have  a  very  interesting  example 


Digitized  by  VjOOQ IC 


OLDBB  PEBIDOTITEB  OV  BOOTLAVD.  411 

of  an  ultra-basic  rock  of  a  new  and  hitherto  undesoribed  type.  It 
was  originally  a  micar-picrite  with  strongly  marked  ophitio  structure, 
and  exhibits  evidence  of  some  of  its  minerals  having  undergone 
Sohillerization ;  but  at  the  present  time  all  the  original  minerals 
are  represented  by  their  pseudomorphs — augite  by  hornblende,  olivine 
and  enstatite  by  serpentine,  and  biotite  by  a  curious  hydrated 
form  of  that  mineral. 

The  recognition  of  certain  characters  in  the  rock-forming  minerals 
as  being  original  and  essential,  and  the  distinction  of  such  from  other 
characters  which  are  secondary  and  accidental,  is  of  the  highest 
importance  to  the  petrographer  and  geologist,  and  not  less  so  to  the 
mineralogist. 

Eightly  studied,  these  minerals  are  capable  of  furnishing 
the  geologist  with  evidence  not  only  concerning  the  mode  of 
origin  of  the  rocks  of  which  they  form  a  part,  but  also  of  the 
changes  which  they  have  undergone  since  their  first  formation.  The 
stndy  of  the  minerals  included  in  the  crystalline  rocks  is  not  less 
important  than  that  of  fossils  in  the  sedimentary  rocks.  And  to 
the  mineralogist  the  study  of  the  secondary  characters  of  minerals, 
and  of  the  canses  which  have  produced  them,  is  equally  necessary. 
Researches  of  this  kind,  indeed,  can  scarcely  fail  in  the  end  to 
reduce  many  so-called  mineral  species  to  the  rank  of  accidental, 
though  still  highly  interesting,  varieties.  But  of  still  greater  impoi^ 
tance  is  the  recognition  of  the  fact  that  the  investigation  by  the  aid 
of  the  microscope  of  the  processes  by  which  minerfds  have  acquired 
their  several  characters,  and  the  consequent  tracing  of  the  evolution 
of  mineral  species  and  varieties,  is  ccJculated  to  raise  mineralogy 
from  its  present  rank  as  a  merely  classificatory  science,  to  infuse  it 
with  new  life,  to  open  out  to  it  new  realms  of  research,  and  to  invest 
it  with  a  higher  importance  than  is  at  present  accorded  to  it  in  the 
family  of  sciences. 

EXPLANATION  OP  PLATES  X.-Xni. 

Plate  X. 

[NoTK. — Some  of  the  detailB  of  theee  figures  can  only  be  difltinctly  seen  by 
employing  a  low-powered  magnifier.] 

Fig.  1.  A  crystal  of  felspar  from  a  gabbro-rein  trayersing  dmiite  at  Souir  na 
Gilean,  Isle  of  Bum,  viewed  by  polarized  light  with  a  magnifying- 
power  of  35  diameters.  This  crystal  admirably  illustrates  the  con- 
elusion  that  the  lamellar  twinning  must  be  regarded  as  a  secondary 
'  character  of  the  plagioclase  felspars.  A  large  portion  of  the  crystal 
is  quite  free  from  any  trace  of  the  lamellar  twinning.  The  crystal  is 
traversed  by  a  number  of  cracks,  and  between  the  cracks,  lamellar 
twinning  is  seen  in  some  cases  to  be  deyeloped.  An  examination  of 
the  relations  between  the  fissures  and  the  lamellar  twinning  is  con- 
dusiTe  as  to  the  non-existence  of  many  of  the  twin-structures  before 
the  formation  of  some  of  the  fissures  which  trayerse  the  crystal. 
This  section  also  illustrates  the  manner  in  which  lamellar  twinning 
is  frequently  developed  along  two  different  sets  of  planes  in  plagio- 
clase felspar,  and  that  these  two  sets  of  twinnings  sometimes  inter- 
sect one  another.  The  way  in  which  theee  twin-lamellis  are  found 
starting  irregularly  at  certain  points  in  the  crystal,  and  dying  away 
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in  tbe  untwimicd  portions,  like  the  similar  twin-structures  artificiallj 
produced  in  calcite,  is  also  soen.  Some  of  these  twin-structoret  maj 
have  been  developed  bj  the  strains  set  up  in  tbe  oooling-down  of  the 
crystal,  others  were  probablj  induced  by  the  movements  in  the  rock- 
mass  which  produced  the  fissures  in  the  orystalt  that  built  it  up. 
(See  pages  364-366.) 
Fig.  2.  Section  of  felspar  in  trootolite  from  Halival,  Isle  of  Rum.  Magnified 
225  diameters.  This  crystal  exhibits  the  first  stages  of  alteration  in 
the  felspars.  It  is  traversed  by  numerous  cracks,  and  along  these,  as 
well  as  in  other  parts  of  the  crystal,  many  liquid-  and  eas-cavities 
have  made  their  appearance.  Some  of  these  cavities,  which  are  of 
considerable  size,  are  particularly  interesting  from  the  fisct  that  they 
are  seen  by  their  regular  forms  to  be  negative  crystals.  In  some 
cases  the  infilling  of  these  cavities  with  solid  substances  has  dearly 
commenced.    (See  pages  376, 376.) 

3.  Section  of  felspar  from  tbe  olivine-gabbro  of  Loch  Comiskh,  Isle  of  Skye. 

Magnified  z2o  diameters.  This  felspar  is  in  a  more  advanced  state  of 
alteration.  The  cavities  lying  along  lines  of  fissure  or  strain  an 
much  more  numerous  and  are  in  almost  all  cases  filled  with  dark- 
coloured  products  of  decomposition.  In  addition,  we  see  the  first 
traces  of  very  minute  dark-coloured  tabular  enclosures  (negative 
crystals  filled  with  decomposition -products)  making  their  appearance 
along  one  set  of  parallel  planes  within  the  orystaL     (See  page  376.) 

4.  Section  of  felspar  from  the  olivine-gabbro  of  Ardnamurchan.     Magni- 

fied 225  diameters.  This  section  shows  bands  of  cavities,  sonte  of 
which  are  partially  filled  with  solid  materials,  and  two  aeries  of 
tabular  enclosures  (infilled  negative  crystals)  arranged  in  two  sets  oC 
parallel  planes  which  intersect  one  another  nearly  at  right  angles. 
(See  page  376.) 
6.  Another  section  of  felspar  from  the  same  rock  as  the  last,  showing  the 
enclosures  arranged  in  two  sets  of  planes,  as  in  the  former  example^ 
with  the  addition  of  a  third  series  intersecting  them.  This  section  is 
also  magnified  225  diameters.    (See  page  376.) 

6.  Section  of  felspar  from  the  olivine-gabbro  of  Loch  Coruiskh.    Magni- 

fied 225  diameters.  This  shows  irregular  enclosures  filling  cavities 
which  lie  along  cracks  and  scattered  irregularly  through  the  crrstal ; 
also  tabular  enclosures  arranged  along  no  less  than  five  difTersnt 
intersecting  planes  in  the  crystal,  namely,  two  pinaooidal,  two  pris- 
matic, and  one  basal.  Tbe  first  four  are  seen  in  section,  the  laal  in 
flan.  Besides  these  there  are  cloud  v  patches  in  the  crystal,  which  the 
ighest  powers  employed  are  only  partially  capable  of  resdviDg 
into  similar  but  much  more  minute  enclosures.    (See  page  376.) 

7.  Section  of  an  excessively  altered  crystal  of  felspar  from  the  dnrioe- 

Sabbro  of  Ardnamurchan.  Shown  with  a  jnagnifying-power  of  225 
iameters.  The  whole  of  the  felspar  exhibits  a  rich  brown  tint  from 
the  abundance  of  foreign  enclosures  which  have  been  developed  in  it. 
These  enclosures  form  nebulous-brown  patches,  which,  with  the  very 
highest  powers  of  the  microscope,  can  onlv  be  partially  resolved  into 
irregular  solid  particles  lying  in  cavities  of  the  crystal,  and  tabular  or 
bacillar  enclosures,  filling  negative  crystals  and  developed  along  a 
number  of  planes  within  the  felspar.  In  other  portions  of  Uis 
section,  the  enclosures  are  sufficiently  large  to  be  rendered  risihle  faj 
the  power  employed.  A  further  concentration  of  the  deoompocitioii- 
products  has  taken  place  in  places,  leading  to  the  formation  of  dendriti- 
lorm  accumulations  of  the  iron-oxides,  £^  Although  the  crystal  is  so 
greatly  altered,  the  characteristic  lamellar  twinning  can  be  observed  in 
certain  portions  of  it  with  the  aid  of  the  polariscope.  TUs  ImwinJ^ay' 
twinning  has  evidently  infiuenced  the  action  of  the  solvent  foroes  in 
eating  out  negative  crystals  along  certain  planes,  and  in  infilling  tbem 
with  decomposition-products.  This  example  affords  sn  essj  transi- 
tion to  the  chatoyant  felspars,  in  which  the  seoondaiy  stniotoros  are 
u^^Yi-mioroscopical.    (See  pages  376,  377.) 
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Plate  XI. 

Fig.  1.  fiBBures  and  incipient  fissures  in  the  very  fresh  brown  augite  of  the 
ophitio  dolerite  from  the  Shiant  Isles,  showing  the  deTelopment  of  a 
reticulation  of  cavities  alon^  the  lines  of  fracture  and  strain  within  the 
crjstaL  Most  of  these  cayities  are  empty,  or  contain  liquids  in  which 
bubbles  may  sometimes  be  discerned ;  but  a  few  of  them  appear  to  be 
filled  with  solid  substances.  These  cavities  are  very  minute ;  they  are 
shown  as  seen  with  a  magnifying-power  of  500  diameters.  (See 
page  378.) 

2.  More  altered  brown  augite  from  the  picrite  of  central  Bum.    The 

cracks  and  bands  indicating  strain  are  more  numerous  than  in  the 
last  example,  and  are  marked  by  lines  of  cavities  of  much  larger 
dimensions,  the  cavities  being  in  almost  all  cases  filled  with  solid 
decomposition-products  which  are  dark-coloured  and  opaaue.  The 
section  is  shown  as  displayed  by  a  magnifying-power  of  75  diameters. 
(See  page  378.) 

3.  Two  crystels  of  augite  from  the  olivine-gabbro  of  Loch  Coruiskh,  Isle 

of  Skye,  showing  the  conversion,  to  a  difierent  extent  in  the  two 
cases,  of  this  mineral  into  diallaee.  The  action  by  which  enclosures 
are  developed  along  planes  parcdlel  to  the  orthopinacoid  is  clearly 
seen  to  be  set  up  firom  the  ouier  surface  of  the  crystaL  The  central 
parts  of  the  crystal  have  all  the  characters  of  ordinary  augite,  while 
the  peripheral  portions  are  converted  into  true  dialla^.  The  objects 
are  figured  as  seen  with  a  magnifying-power  of  50  diameters.  (See 
page  379.) 

4.  Crystal  of  true  diallage  (foliated  augite)  from  the  olivine-gabbro  of 

Beinn  More,  Isle  of  Mull.  At  one  end  of  the  cr>'stal  the  develop- 
ment of  another  series  of  enclosures  along  the  clino-pinacoid  has 
commenced,  converting  the  orvstal  into  pseudo-hypersthene.  Seen 
as  magnified  100  diameters,  (see  pa^  379.) 
j5.  Portion  of  crystal  of  augite  from  the  ohvine-eabbro  of  Loch  Ooruiskh, 
Isle  of  Skye.  This  example  shows  that  tlie  development  of  enclosures 
takes  place  most  abundantly  along  lines  of  cracks  and  in  their  imme- 
diate vicinity.  Two  sets  of  enclosures  are  in  course  of  development 
in  this  case — one  parallel  to  the  orthopinacoid,  and  the  other  parallel 
to  the  clino-pinacoid.  Seen  with  a  magnifying-power  of  75  diameters. 
(See  page  379.) 

6.  Structure  of  the  pseudo-hypersthene  from  the  olivine-gabbro  of  Loch 

Coruiskh,  Isle  of  Skye.  Represented  as  seen  with  a  magnifying- 
power  of  225  diameters.  Two  sets  of  enclosures  are  seen  in  section, 
lyine  in  planes  nearly  at  right  angles  to  one  another.  A  third 
much  less  perfect  series  of  enclosures,  with  irregular  outline,  is  ex- 
hibited lyine  probably  parallel  to  the  basal  plane.    (See  page  380.) 

7.  Crystal  of  highly  ferriferous  enstatite  (amblystegite)  from  tlie  olivine- 

gabbro  of  Loch  Coruiskh,  Isle  of  Skye.  The  crystal  exhibits  only 
the  first  traces  of  Sdiillerization.  It  exhibits  the  very  strong  pleo- 
chroism  and  the  rhombic  extinction  characteristic  of  the  species  to 
which  it  belongs.  Cavities  filled  with  solid  enclosures  are  developed 
in  great  numbers  along  the  lines  of  crack,  and  a  few  tabular  en- 
closures are  developed  along  one  set  of  parallel  planes,  so  that  the 
mineral  is  seen  to  be  passing  into  the  bronzite-modification.  The 
crystal  is  shown  magnified  30  diameters.    (See  pase  380.) 

8.  Crystal  of  altered  ferriferous  enstatite,  enclosing  ooth  felspar  and 

diallage,  from  the  olivine-gabbro  of  Loch  Coruiskh,  Isle  of  Skye. 
The  crystal  is  sliehtly  serpentinized  in  places.  This  crystal  exhimts 
the  bronzite-modification  over  the  greater  part  of  the  section,  one 
very  conspicuous  series  of  enclosures,  seen  in  section,  being  well 
developed  in  it ;  but  here  and  there  a  second  set  of  endosures,  also 
sieen  in  section,  and  a  third,  viewed  in  plan,  are  also  exhibited.  GPhe 
crystal  therefore  illustrates  the  transformation  of  the  bronzite- 
modification  of  enstatite  to  the  hypersthene-modification.  Mag- 
nified 100  diameters.    (See  page  380.) 
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Fig.  9.  Section  of  a  crystal  of  typical  hypersthene  from  lAbrador,  teen  with  • 
ma^ifying-power  of  30  diameters.  Tliree  sets  of  tabular  endomra, 
which  are  of  extraordinary  dimensions,  are  seen  in  this  section,  two 
in  section  and  one  in  plan.  One  set  of  enclosures,  seen  in  seetion, 
is  Tery  persistent  over  the  whole  area;  a  second,  nearly  at  right 
angles,  is  deTeloped  along  certain  bands,  probably  of  strain ;  and  the 
third,  seen  in  plan,  are  also  crowded  along  the  same  lines.  The  en- 
closures seen  in  plan  have  often  one  straight  edge  (due  to  the  limits 
of  the  negative  crystals  in  which  they  are  devdoped) ;  but  on  the 
other  sides  they  are  irregular  in  outline,  owing  to  the  secondary 
materials  of  which  they  are  formed  not  entirely  filling  the  negative 
crystal.  The  material  of  the  crystal  in  which  these  endosures  lie 
has  lost  nearly  eTer>'  trace  both  of  colour  and  of  pleochrcnam.  (See 
page  380.) 

Plate  XIL 
Fig.  1.  Represents  the  surfiace  of  a  crack  traversing  a  crystal  of  olivine  in  the 
gabbro  of  Halival,  Isle  of  Bum,  as  seen  with  a  magnlfyixi^-powflr  of 
225  diameters.  The  irregular  cavities  sometimes  contain  a  liquid 
and  bubble,  and  at  other  times  are  empty ;  more  usually,  however, 
they  are  filled,  to  a  greater  or  less  extent,  with  dark-coloured,  solid 
materials  which  appear  to  be  deoomposition-produots.  By  the 
use  of  very  high  powers  and  special  means  of  illumination  fine 
reticulating  tubules  can  be  detected  uniting  many  of  these  cavitaeib 
(See  nage  382.) 

2.  Shows  tne  surface  of  a  crack  traversing  an  olivine  crystal  in  the  pierita 

of  central  Bum.  In  addition  to  cavities  filled  with  deoompositioD- 
products,  we  find  a  beautiful  dendritic  network  of  magnetite  and 
other  oxides,  spreading  itself  over  the  surface  of  tiie  oraok.  The 
object  is  shown  as  it  appears  with  a  magnifying-power  of  100  dia- 
meters.   (See  paffe  382.) 

3.  Portion  of  crystal  of  olivine  from  the  piorite  of  central  Bum,  magnified 

60  diameters.  Showing  enclosures  along  cracks  filled  with  solid 
substances,  as  in  fig.  1 ;  dendritic  ramifications  of  magnetite  over 
the  planes  of  craclui  as  in  fig.  2 ;  and,  in  addition,  numerous  en- 
closures in  negative  crystals  arranged  in  a  series  of  parallel  planes 
traversing  the  orystaL    (See  page  382.) 

4.  Very  large  and  beautiful  examples  of  the  stellate  bodies  lying  within  the 

negative  crystals  in  olivine,  from  the  picrite  of  Halival,  Isle  of  Bum. 
Magnified  75  diameters.  In  the  crvstals  on  the  left,  the  stellate  en- 
closures are  viewed  in  plan  and  their  forms  are  well  seen ;  in  the 
crystal  on  the  right  they  are  greatly  foreshortened.  When  the 
plane  of  the  section  is  at  right  angles  to  that  of  the  plane  parallel  to 
which  the  negative  crystals  lie,  the  enclosures  appear  as  fine  dark 
lines.  This  section  also  shows  the  lines  of  carities  filled  with  solid 
substances  passing  along  cracks  in  the  olivine-crystals.  (See  psge 
382.) 

5.  A  series  of  examples  of  very  fine  and  large  stellate  enclosures  in  oHviss 

firom  the  piorite  of  Halival,  Isle  of  Bum.    Magnified  225  diameters. 

(See  page  385.) 
6a.  niustratee  the  first  stage  in  the  formation  of  the  stellate  endosorBS  in 

the  negative  crystals  in  olivine.    The  ramifying  rods  of  majpietite 

&o.  are  assuming  a  radiate  arrangement,  but  have  not  united  with  one 

another. 
5b,  Shows  a  very  large  and  perfect  stellate  enclosure ;  the  edffes  have  not 

extended  to  Uie  limits  of  the  negative  crystal,  and  tnerefore  are 

not  bounded  by  regular  lines. 
6e.  Shows  two  stellate  enclosures,  the  growth  of  whidi  has  been  interlmd 

with  by  the  sides  of  the  ncjg;ative  crystal.    They  also  illostrats  the 

tendency  of  the  stellate  endosnres  to  pass  into  tabular  oos0  bj 

additional  deposits  between  the  rays  of  the  star. 
6d  Illustrates  the  effects  of  foreshortening  on  the  apparent  forms  of  these 

stellate  enclosures. 
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Fig.  6.  Orystal  of  oliyine,  with  magnetite  deyeloped  along  the  cracks  and  in- 
Tadiog  the  substance  of  the  crrstal.  In  addition  stellate  enclosures 
of  magnetite  &c  are  makine  their  appearance  in  negative  crystals 
arranged  in  a  series  of  paraUel  planes  trayersing  the  crystal  !E*rom 
the  trootolite  at  the  top  of  HaliTal,  Isle  of  Bum.  Orystal  shown 
magnified  100  diameters.    (See  page  383.) 

7.  Portion  of  a  crystal  of  oliyine  in  which  magnetite  has  been  deyeloped 

along  the  cracks  to  such  an  extent  as  to  render  black  and  opaque 
nearly  the  whole  crystal.  Portions  of  the  oliyine-substanoe,  partially 
oonrerted  into  serpentine,  remain  here  and  there  in  the  midst  of  the 
mass.  From  the  oliyine-gabbro,  Beinn  More,  Isle  of  MulL  Shown 
magnified  50  diameters.  [In  the  same  rock  many  of  the  oliyine- 
crystab  are  seen  rendered  altogether  black  and  opaque  by  the  de- 
yelopment  of  magnetite  particles  in  them.]    (See  page  383.) 

8.  Crystal  of  biotite  cut  at  right  angles  to  the  basal  plane,  and  showine 

Schillerization  along  the  planes  coinciding  with  those  of  the  prindpcd 
deayage ;  from  the  scyelite  of  Loch  Scye,  Caithness.  Seen  as  mag- 
nified 50  diameters.    (See  pages  383  and  405.) 

9.  Two  thin  flakes  of  the  same  biotite,  lying  pu^el  to  the  plane  of  easy 

deayage  of  the  mineral,  magnified  100  diameters.  The  enclosures  are 
seen  to  be  more  or  less  regular  plates,  yery  similar  to  those  found  in 
the  hypersthene  of  Labrador.  Two  grains  of  magnetite  are  also  seem 
endoeed  in  the  same  crystaL    (See  pages  383  and  405.) 

Plate  Xin. 

Varieties  of  the  Ultra-basic  Bocks  of  Scotland.    All  the  sections  are  repre- 
sented as  seen  with  a  magnifying-power  of  30  diameters 

Fig.  1.  Oliyine  rock  (dunite)  of  the  Shiant  Isles.  Consisting  of  a  mass  of 
granules  of  clear  oliyine,  only  rarely  showing  faint  signs  of  serpenti- 
nization.  A  few  scattered  partides  of  brown  augite,  of  anorthite, 
and  of  magnetite  (or  cfiromite)  are  scattered  among  the  oliyine-grains 
which  make  up  the  bulk  of  the  rock.  The  oliyine  is  dear  and  almost 
entirely  free  irom  enclosures  of  secondary  origin.  In  the  form  of 
the  oliyine-grains  this  rock  resembles  the  dunite  of  St  Stephan  in 
Upper  St^fia;  but  in  the  perfect  freshness  of  the  oliyine  it  finds  ito 
analogue  in  the  typical  dunite  of  the  Dun  Mountain,  near  Nelson, 
New  Zealand.    (See  page  394.) 

2.  Poiphyritic  oliyine  rock  (dunite)  from  the  flanks  of  the  moimtain  of 

Scuir  na  Qilean  in  l^e  Isle  of  Bum.  The  rock  consists  of  an  aggre- 
gate of  minute  oliyine-grains  with  a  little  augite,  through  which  larger 
crystals  of  oliyine  are  scattered.  These  larger  crystals  exhibit  the 
dusty  appearance  produced  by  the  deyelopment  of  numerous  stellate 
and  tabular  enclosures  in  negatiye  crystals,  and  l^ng  in  two  inter- 
secting sets  of  planes  within  the  crystal.  The  oliyine  is  quite  free 
from  any  trace  of  serpentinissation.     (See  page  391.) 

3.  Oliyine-augite-enstatite  rock  (Iherzolite)  from  the  top  of  Haliyal,  in 

the  Isle  of  Bum.  The  structure  of  this  rock  is  intermediate  between 
the  ffranitic  and  the  ophitic.  The  oliyine  forms  rounded  grains  con- 
taining a  few  large  stellate  enclosures,  and  is  often  enclosed  in  the 
augite  or  enstatite ;  the  augite  is  brieht  green  in  colour,  and  is  not 
improbably  a  chrome-diopside,  and  the  enstatite  is  a  ferriferous  one 
(proto-bronzite  or  proto-hypersthene),  of  a  rich  brown  colour,  with 
yer^  marked  pleochroism.  Scattered  through  the  rock  are  a  few 
grains  of  chromit©  or  picotite.  Felspar  is  only  present  as  a  rare  and 
accessory  ingredient  of  the  rock.  The  augite  and  the  enstatite  show 
slight  traces  of  Schillerization.  These  two  minerals  cannot  be  distin- 
ffuished  in  the  drawing.    (See  page  392.) 

4.  Ophitic  picrite  (augite-oIiyinfr-rocK)  from  the  Shiant  Ides.    The  rook  ia 

made  up  of  very  large  crystals  of  deep  brown  augite,  which  enclose 
numerous  rounded  grains  of  oliyine,  while  these  latter,  in  turn, 
enclose  rounded  grains  of  chromite  or  picotite.    The  mineraLi  of  this 
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rock  are  free  from  all  traces  of  Schillerizadon.  The  dystalf  of 
augite  are  so  large  that  one  fills  up  the  whole  field  of  view.  (See 
page  394.) 
Fig.  5.  Anorthite-oHyine-rock  (troctolite)  from  the  top  of  Haliral,  in  the  Ide 
of  Bum.  The  rock,  which  constitutes  a  rein  trayeriing  ohTine- 
gabbro,  consists  of  a  mass  of  interlacing  anorthite-crrstals,  through 
which  are  scattered  ^ins  and  am-egates  of  grains  of  olirine.  Ine 
oliyine  is  crowded  with  large  ste^te  inclusions,  and  its  outlines  and 
cracks  are  rendered  black  and  opaque.  Except  in  the  freshness  of 
its  minerals  and  in  its  finer  grain,  this  rock  exactly  reeembles  the 
forellenstein  of  Yolpersdorf  and  the  Harts.  The  scale  on  which  the 
minerals  are  deyeloped  is,-  howeyer,  somewhat  smaller.  Sections  of 
the  Scotch  rock  woiud  resemble  that  of  Yolpersdorf  if  the  former 
were  magnified  three  times  more  linear  than  the  latter.  (See  ps£e 
395.) 

6.  Anorthite-auffite-rock  (euorite)  from  HaliTal,  in  the  Isle  of  Bum.    Tliis 

rock,  which  also  forms  yeins  in  the  oliyine-gabbroB,  consists  of  a  masi 
of  interlacing  anorthite^rystale,  perfectly  unaltered,  through  wfaiob 
are  distributed  granular  particles  of  an  augite  of  a  green  colour, 
which  is  more  or  lees  perfectly  oonyerted  into  diaUage  by  Sdiilleri- 
sation.  In  some  parts  of  the  rock,  a  ferriferous  enstatite  is  added  to 
the  two  principal  constituents,  and  this  mineral  sometimes  prevaik 
almost  to  the  exdusion  of  the  augite.  This  eucrite  is  of  a  decidedly 
granulitic  structure,  but  other  rocks  of  the  same  mineralogioal  eon* 
stitution  are  coarse-grained  and  distinctly  granitic  in  structure.  (See 
page  395.) 

7.  Altered,  ferriferous-eustatite-rock  (bastite-rook)  from  Oarrook  Den,  For- 

farshire. This  rock  occurs  in  ue  midst  of  a  great  dyke  of  serpentine 
which  traverses  the  Old-Bed-Sandstone  strata;  it  is  made  up  of 
an  aggregate  of  ferriferous-enstatite-crystals  in  a  somewhat  altered 
condition,  the  whole  being  trayersed  by  cracks  fiUed  with  serpentinoas 
material.  Except  for  the  amount  of  alteration  the  rock  has  under- 
gone, it  exactly  resembles  the  **bronxite-rook"  of  Eupferberg  in 
fiayaria,  and  of  St.  Stephan  in  Upper  Styria.    (See  page  399.) 

8.  Mioa-homblende-picrite  (scyelite)  from  an  intrusiye  mass  near  Loc^ 

Scye,  in  Caithness.  A  number  of  grains  of  oliyine,  now  oonyerted 
into  serpentine,  are  enclosed  in  crystals  of  pale  green  homblende 
(seen  in  the  lower  left-hand  part  of  the  slide),  paramorphic  after 
augite,  and  of  a  highly  magnesian  biotite  (seen  in  the  upper  right- 
hand  part  of  the  slide).  The  biotite  is,  in  placet,  darkenea  oy  nume- 
rous inclusions  arranged  parallel  to  the  basal  plane,  or  in  the  direc- 
tion of  the  principal  cleayage.    (See  pages  401-407.) 

Figs.  1-6  are  from  Tertiary  rooks. 
Figs.  7  &  8  are  from  PalsBOSoio  rooks. 


D18CU88IOH. 

Mr.  RuTLET  said  that  the  points  raised  in  the  paper  were  so 
numerous  that  it  became  very  difficult  to  discuss.  The  twin- 
structure  in  calc-spar  was  probably  produced  by  pressure;  bat 
with  regard  to  triclinic  felspar  the  case  seemed  different ;  and  ha 
felt  doubtful  whether  all  twinning  could  be  deyeloped  by  preasnre; 
for,  if  so,  the  same  structure  would  be  produced  in  orthodiae. 
Besides,  twinning  usually  occurred  in  two  directions  in  the  tri- 
clinic felspars — namely,  parallel  to  the  basal  plane  and  to  the 
brachypinakoid.  If  due  simply  to  pressure,  why  should  it  not  some- 
times occur  parallel  to  the  macropinakoid  ?      The  proposed 
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SehUlerizatum  might  proye  nsefdl,  but  he  questioned  whether  some 
of  the  results  attributed  to  it  might  not  be  due  to  weathering. 

Mr.  Bathsbxah  felt  the  same  difficulty  that  had  been  alluded  to 
by  the  previous  speaker  in  entering  upon  the  discussion  of  this 
paper.  He  remarked  that  the  twinning  of  triclinic  felspars  was 
not  an  essential  peculiarity,  as  he  had  seen  specimens  in  which  it 
was  absent;  but  he  considered  the  origination  of  twinning  from 
pressure  unproved,  as  there  was  no  difference  of  cohesion  in  diffe- 
rent directions  sufficient  to  produce  twinning.  Twinning  is  espe- 
cially well  seen  in  albite  crystallized  freely  in  druses  in  mineral 
veins.  Pseudostructures  of  lower  symmetry  in  boracite  &c.  are 
due  to  change  of  structure  produced  in  cooling,  and  quite  distinct 
from  twinning  in  felspars. 

Bev.  E.  Htll  said  that  all  banding  that  he  had  observed  in  igneous 
rocks,  glass,  &c.  varied  gradually  from  point  to  point  when  due  to 
pressure,  and  thus  differed  from  that  described  by  the  Author. 

Mr.  HiTDLESTON  remarked  that  magnesian  rocks  were  very 
mysterious.  Their  peculiarities  are  perhaps  due  to  chemical  com- 
position. GFabbros  are  always  found  associated  with  serpentine  and 
olivine  rocks.  He  inquired  whether  Schillerization  might  not  be 
due  partly  to  change  of  structure  arising  from  something  inherent. 
As  a  case  of  change  resulting  from  original  peculiarity  of  compo- 
sition, he  quoted  the  analysis  of  a  rock  lately  described  by  Mr. 
TeaU,  which  showed  an  amount  of  magnesia  unusual  for  a  non- 
olivine  dolerite.  There  was  no  mineral  in  that  rock  to  absorb  so 
much  magnesia  except  the  augite,  which  must  have  possessed  an 
exceptional  composition,  and  consequently  an  inherent  tendency  to 
change :  such  inherent  tendency  might  help  to  explain  the  phe- 
nomena of  Schillerization.  He  further  commented  on  the  alterations 
stated  to  have  taken  place  in  depth;  for  some  Schillerized  rocks,  e.g, 
bastite,  are  hydrated  forms. 

Prof.  Hughes  asked  how  far  the  relations  of  the  rocks  in 
question  to  one  another  and  the  conditions  of  depth  &c.  could  be 
considered  well  established.  In  the  example  exhibited  he  thought 
the  vein  called  gabbro  was  due  to  alteration  along  a  joint,  of  which 
he  saw  traces  on  the  back  of  the  specimen  in  the  divisional  plane 
which  ran  almost  through  the  middle  of  the  vein.  It  looked  like 
a  vein  along  a  faulted  joint,  and  might  be  of  any  age  later  than  the 
olivine  rock  and  subsequent  to  the  jointing  and  faulting,  and  there- 
fore not  belonging  to  deep-seated  conditions. 

The  Pbesident  congratulated  the  Author  on  having,  as  he  said, 
driven  another  nail  into  the  coffin  of  the  classiffcation  of  igneous 
rocks  by  their  geological  age.  He  had  always  believed  that  the 
altered  peridotites  of  the  Apennines  were  of  Tertiary  age.  In 
all  cases  that  he  had  seen,  the  gabbro  and  peridotite  were  quite 
independent  rocks ;  but  he  had  seen  picrite  pass  into  diorite.  He 
himself  had  always  found  gabbro  the  newer  rock,  evidently  deep- 
seated  ;  for  the  crystallization  was  coarse  even  in  small  veins.  He 
also  doubted  whether  plagioclastic  twinning  was  due  to  pressure ; 
for  it  is  found  in  rocks  not  much  pressed,  such  as  lavanstreams. 
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He  thought  the  mystery  about  magnesian  rocks  was  artifidaL  He 
suggested  that  the  presence  of  diallage  in  deep-seated  rooks  might 
be  due  to  hydration  owing  to  depth,  because  the  water  could  not 
escape.  Amphibolization  is  well  illustrated  in  the  gabbro  of  Corn- 
wall, when  diallage  is  converted  into  hornblende  at  the  surface. 

The  AxTTHOB,  in  reply,  said  he  did  not  mean  to  assert  that 
mechanical  strain  produced  twinning,  but  only  deyelops  it  where 
the  tendency  already  exists.  It  has  been  shown  that  this  structure 
is  induced  by  pressure  in  calcite,  and,  if  so,  the  same  change  is 
possible  in  the  plagioclase  felspars.  The  case  is  similar  with  leudte 
and  boracite,  in  which^  however,  the  twinning  disappears  on  the 
mineral  returning  to  the  original  temperature  of  its  formation.  Hie 
result  of  twinning  in  orthodase  is  seen  in  microdine,  and  Lehmann 
refers  microdine-structure  in  Saxony  to  pressure.  Hypersthene  was 
always,  until  lately,  studied  only  in  altered  forms.  Schilleriied  forms 
are  produced  by  deep-seated  hydration,  weathered  forms  by  hydra- 
tion near  the  surface.  In  reference  to  the  alleged  assodation  of 
diallage  and  magnesian  minerals,  he  stated  that  several  varieties  of 
augite  pass  into  diallage.  In  answer  to  Prof.  Hughes  he  said 
that  the  veins  in  the  specimens  referred  to  are  irregular  injection- 
veins. 
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31.  On  the  Stbuotitbe  of  the  Ambulacra  of  some  Eossn.  Geneba  and 
Spbgibs  of  KEeuLAR  EcHiNoiDEA.  By  Prof.  P.  Martin  DuKOAir, 
M.B.  Lend.,  E.R.S.,  F.G.S.    (Bead  April  29, 1885.) 

O0KTBNT8. 

I.  Introductory  Bemarks.— II.  General  Bemarks  on  the  Structure  of  Ambu- 
lacra.— ^III.  Descriptions  of  the  Ambulacra!  Plates  of  some  Genera  and  SpeoieB, 
and  the  necessity  for  the  Introduction  of  Diplopodia,  McOoy,  and  a  new  Genus, 
PUsiodiadema. — lY.  Oondusions  relating  to  the  types  of  Ambulacra. — ^V.  De- 
scription of  the  Figures. 

I.   iNTRODUCTORr  EeHARKS. 

The  characters  of  the  ambulacra  of  the  Eohinoidea  have  always  been 
considered  of  primary  importance  in  the  classification  of  that  great 
division  of  the  Echinodermata. 

The  details  of  the  stmctores  of  the  ambulacra  of  the  regular 
Echinoidea  have  been  long  known  in  the  instance  of  the  CidaridsB, 
in  some  of  the  Salenidae  and  Echinometridae,  and  in  many  genera  of 
EohinidsB. 

The  study  of  the  structures  led  to  the  separation  of  the  groups  of 
genera  with  simple  plates  and  one  pair  of  pores  to  a  plate  from 
^ose  having  compound  plates  with  three  or  more  pairs  of  pores. 
Cidarie  has  been  acknowledged  as  the  type  of  the  first  group,  and, 
thanks  to  the  elaborate  investigations  of  Loven  *,  Strongylocentrotus 
may  be  considered  the  type  of  the  other  series. 

In  a  monograph  on  the  fossil  Echinoidea  of  Sind,  by  the 
author  and  Mr.  W.  Percy  Sladen,  E.G.8.,  there  is  a  description 
of  two  species  of  Ccelopleurus  from  the  Oligocene,  and  the  illus- 
trations which  accompany  the  work  fully  explain  that  there  is 
a  type  of  ambulacral  plate  which  departs  from  the  received  idea 
re^xding  the  intimate  structure  of  plates  with  triple  pairs  of  pores  f. 
Subsequently  some  researches  by  the  same  authors  proved  that  the 
Arbaciadee  and  the  recent  DiadematidsB  had  their  ambulacra  con- 
structed on  a  plan  hitherto  unobserved,  and  which  separated  the 
groups  distinctly  t»  Having  obtained  a  knowledge  of  the  characters 
of  the  recent  forms,  the  study  of  the  corresponding  details  of  the 
fossil  species  became  tolerably  easy. 

The  results  of  this  study  are  now  offered  to  the  Society. 

•I  have  to  thank  the  executors  of  the  late  Dr.  T.  Wright,  F.B.8., 
for  permitting  me  to  examine  and  draw  what  was  necessary  from 
iiie  beautiful  specimens  in  their  charge.  I  am  also  very  glad  to 
have  the  opportunity  of  thanking  the  authorities  at  the  British 
Museum  and  at  the  Museum  in  Jermyn  Street  for  allowing  me  to 
study  the  collections. 

In  the  majority  of  fossil  regular  Echinoidea  the  pairs  of  pores  of 

*  LoT6n,  £tudes  sur  les  fiohinoid6es,  1874,  p.  19. 

t  '  Palflsontologia  Indica,'  ser.  xiy.  fasc.  iy.  pi.  xzxiz.  (1884). 

X  Journ.  Linn.  Soc.,  ZooL  vol.  zix.  pp  25  and  95  (1885). 
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the  ambulacra  can  be  readily  observed ;  but  the  separatioiiB  o£,  or 
the  sutures  which  unite,  the  edges  of  tbe  plates  are  usually  not  to 
be  seen.  Many  weathered  specimens  of  Oolitio  and  Cretaceous 
species  show  all  the  details  of  the  ambulacra ;  and  when  they  are  im-  . 
,  perfect  or  slightly  confused,  the  knowledge  of  the  position  of  tiie 
plates  in  the  modem  aUiee  of  the  fossil  forms  renders  the  action 
of  reagents  almost  invariably  successful  in  distinguishing  them.  But 
it  is  not  possible  to  make  out  the  limits  of  the  ambulacral  plates  in 
some  specimens,  and  usually  these  forms  are  the  most  perfect  in  their 
state  of  preservation.  Weathering  and  the  action  of  Loven's  reagent, 
alcohol  mixed  with  glycerine,  assist  the  investigation  of  the  fossils, 
and  most  liquids  which  permeate  the  plates  and  evaporate  rapidly 
will  assist  in  the  investigation  of  recent  Echinoidea. 

II.  Gensbal  Kemaeks  ok  the  Stbucturs  of  Akbttlacba* 

An  ambulacrum  extends  from  the  actinal  edge  of  a  radial 
(ocular)  plate  to  the  edge  of  the  peristome;  it  is  composed  of  a 
number  of  plates  which  are  placed  in  two  rows  or  zones  on  either 
side  of  a  vertical  or  median  line,  and  each  row  consists  of  plates 
located  in  succession  from  the  radial  plate  to  the  peristome.  The 
plates  of  one  row  are  united  by  suture  with  those  of  the  other,  and 
the  junction  occurs  along  the  median  line,  the  extremities  of  the 
plates  being  more  or  less  angular.  The  plates  of  one  zone  are  not 
on  an  exact  level  with  those  of  the  other,  for  the  angle  of  one  plate 
fits  into  the  reentering  angle  which  exists  between  two  of  the 
opposed  plates.  The  edge  of  each  plate  in  contact  with  the  inter- 
radium  is  also  more  or  less  geometrical,  but  it  may  be  rounded  off 
in  shape,  instead  of  angular.  The  plates  in  each  row  are  united 
actinally  and  abactinally  with  other  plates.  These  unions  are  by 
suture. 

Each  plate  has  a  poriferous  zone,  and  the  rest  forms  part  of  an 
interporif  erous  area ;  and  there  is  a  pair  of  pores  to  a  plate.  In  well- 
preserved  specimens  the  pair  of  pores  is  encircled  by  a  raised  dish- 
like structure  called  a  peripodium,  and  the  pores  are  never  placed 
quite  transversely  or  horizontally,  but  more  or  less  obHqndy,  so 
that  the  pore  nearest  the  median  line  of  the  ambulacrum  is  <hi  a 
lower  level  than  the  other ;  that  is  to  say,  the  inner  pore  is  adoral 
to  the  other  and  is  called  the  adoral  pore.  This  pore  is  in  contaet, 
in  the  young  Echinoid,  with  the  line  of  division  between  two  con- 
secutive plates,  and  notches  the  edge  of  the  peripodium ;  but  it  may 
become  distant  from  the  suture  during  growth.  In  the  Gidaride 
all  the  plates  are  primaries,  and  each  has  its  pair  of  poree.  A 
primary  plate  is  one  which  reaches  from  the  poriferous  zone  to  the 
median  line  or  vertical  suture,  and  which  comes  in  contact  there 
with  others  of  the  opposite  zone.  In  the  CidaridsB  the  plates  in- 
crease in  number  by  developing  just  at  the  actinal  edge  of  ihb 
radial  plate,  and  one  plate  is  formed  after  another. 

At  the  peristomial  end  of  the  ambulacrum  there  is  a  corresponding 
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separation  of  successive  plates,  so  as  to  produce  the  characteristic 
plating  around  the  mouth  seen  in  recent  forms  of  OidarU, 

In  the  other  families  of  the  regular  Echinoidea  the  addition  of 
new  plates  also  occurs  at  the  edge  of  the  radial  plate ;  but  there  is 
a  crowding  of  the  plates  more  or  less  at  the  peristome,  and  the  oldest 
plates  there  gradually  become  absorbed  at  the  very  edge.  So  that 
with  the  growth  of  the  whole  test  in  height  there  is  a  superabundant 
growth  of  the  ambulacral  plates,  and,  as  Loven  has  well  shown, 
there  is  a  downward  or  actinal  movement  of  the  ambulacral  plates 
from  the  radial  plate  to  the  peristome.  This  movement  is  compli- 
cated by  the  fact  that  the  ambulacral  plates  are  all  growing  with 
tiie  rest  of  the  test,  and  enlarging  in  all  directions  at  the  surface. 
Moreover  the  growth -rate  of  some  plates  is  greater  than  that  of 
others,  and  those  which  carry  tubercles  appear  to  have  a  greater 
growth  superficially  than  others.  Consequently  irregular  pressure 
b  exerted  by  these  plates  on  their  neighbours,  and  the  result  is  very 
remarkable.  Again,  the  movement  of  the  plates  above  the  ambitus 
of  the  test,  although  comparatively  free,  is  of  necessity  diminished 
near  the  peristome,  in  consequence  of  the  more  or  less  rigid  state  of 
the  peristomial  region  incident  to  the  position  of  the  auricles  of  the 
jaws  and  their  processes. 

It  is  to  these  different  facilities  for  and  oppositions  to  a  regular 
and  symmetrical  growth  that  the  varied  shapes  and  characters  of 
the  ambulacra  and  their  plates  are  due. 

It  is  an  interesting  and  highly  suggestive  truth  that  all  the 
regular  Echinoidea  should  have  their  most  radially  situated  plates 
in  the  form  of  the  simple  primaries  of  the  Cidaridse ;  but  at  different 
distances  from  the  ra^al  plate  modifications  begin  to  be  seen,  and 
they  are  characteristic  and  of  generic  and  specific  value. 

The  modifications  which  were  known  and  which  had  been  care- 
fully  described  by  Lov^n  before  the  publication  of  the  "  Fossil  Echi- 
noidea of  Sind,"  in  the  *  Palseontologia  Indica,'  ser.  ziv.,  were  those 
which  characterize  the  Echinidaa  and  some  other  forms,  such  as  Stron-- 
gyhcentrotus  (fig.  1).    In  these  the  growth-pressure  develops  com- 

Fig.l*. 


pound  plates  by  jamming  and  uniting  the  original  primaries ;  moreover 
the  part  of  the  primary  remote  from  the  poriferous  portion  is  often 
prevented  from  growing,  or  is  absorbed  by  the  growth-pressure.  The 
result  is  the  formation  of  demi-plates  wMch  do  not  reach  the  median 
line.  Moreover  the  downward  growth  and  the  other  varieties  of 
growth-expansion  cause  combinations  of  several  plates,  and  produce 
compound  geometrical  forms  made  up  of  three,  four,  five,  and  even 
*  For  the  explanation  of  this  and  the  following  figures,  see  pp.  451,  452. 
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more  plates,  all  more  or  less  departing  from  their  original  shape. 
Growth  near  the  unyielding  peristome  produces  shifting  of  the  pori- 
ferous parts  of  plates,  and  hence  the  apparent  confosion  of  the  pain 
of  pores  in  that  region  in  so  many  genera.  It  must  he  understood 
that  the  confusion  is  only  apparent,  for  Loven  has  explained  it,  and 
no  additional  pairs  of  poree  intercalated  there  during  growth. 

The  physiological  importance  of  the  ambulacra  to  the  Echinoid 
cannot  be  over-estimated  ;  for  the  peripodia  support  the  prehensile 
or  motor  tentacles,  and  in  the  Arbaciadae  and  the  Diadematidse  the 
tentacles  which  are  above  the  ambitus  have  a  non-prehensile  and 
branchial  function.  The  number  of  tentacles  placed  within  a  given 
area  is  therefore  of  classificatory  as  well  as  of  physiological  im- 
portance, and  this  number  bears  a  definite  relation  to  the  number, 
kind,  and  shape  of  the  plates  which  constitute  the  ambulacra. 

The  Echinoidea  with  the  simplest  ambulacra  are  found  in  the 
lower  Secondary  deposits,  and  it  is  advisable  in  the  present  inquiry 
to  commence  with  the  description  of  some  of  the  earlier  forms  of 
the  Diadematidse.  It  is  proposed  to  consider  the  genera  Hemtpedina^ 
Wright,  Pseudodiadema,  Desor,  Pedina^  Agass.,  StcmechinuSy  Dewr, 
Hemicidaris,  Agass.,  Diplopodia,  McCoy,  and  Cyphoioma^  Ag^as, 

III.  Descriptions  of  the  Ambitlacral  Plates  op  the  Genkra 
Heiopbdina,  Pseudodiadema,  Pedina,  STOMEcnnrus,  Hemicidibis, 
DiPLOPODiA,  AND  Ctphosoma.  The  I^bcessity  FOB  A  iTBW  GEinrs, 
Plebiodiadbma. 

Genus  Hemipedika,  Wright,  1855. 

The  diagnosis  of  this  genus  will  be  found  in  the  ^  Monc^raph  of 
the  British  Fossil  Echinodermata,'  Pal.  Soc  Loud.  1855,  p.  143. 

Dr.  Wright  made  the  following  remarks  oonceming  ^e  affinitiee 
of  this  genus  with  other  genera : — "  ffemipedina  is  related  to  Psevd^ 
dutdema  in  having  the  pores  unigeminal  and  the  tubercles  per- 
forated ;  but  it  is  distinguished  from  Pseudodiadema  by  the  ahsenoe 
of  crenulations  from  the  summit  of  the  bosses.  It  is  related  to 
Pedina  in  possessing  perforate  and  uncrenulate  tubercles  ;  but  it  i« 
distinguished  from  tJiat  genus  in  having  the  pores  unigeminal, 
Pedina  having  the  pores  trigeminal  as  in  Echinus.  The  elements  of 
the  disk  are  likewise  more  largely  developed.  Hemipedina  is  related 
to  Echinopsisy  but  is  distinguished  by  the  narrowness  of  the  ambnlacral 
areas,  the  general  depressed  form  of  the  test,  the  shape  of  the  month- 
opening,  and  the  deep  decagonal  lobes  of  the  peristome  (that  of 
Echinopsis  being  almost  deprived  of  incisions),  together  with  the 
greater  size  and  development  of  the  elements  of  tiie  apical  disk." 
In  the  drawings  of  a  species  of  Hemipedina^  Br.  Wri^t  noticed 
the  long  slender  needle-shaped  spines  with  fine  longitudinal  stria- 
tions.  He  states,  moreover,  that  the  optic  pore  is  in  the  centre 
of  the  radial  plate. 

Hemipedina  Jardinii^  Wright,  has  a  considerable  series  of  low  and 
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broad  primaries  near  the  radial  plate,  and  extending  fiar  towards 
the  ambitus,  and  each  plate  is  united  by  a  separable  suture  to 
the  plates  situated  apicdly  and  actioally.  At  the  ambitus  three 
primaries  are  seen  to  form  a  compound  plate  geometrical  in  figure, 
and  their  separability  is  at  an  end.  There  are  triple  plates  of 
this  character  down  to  the  peristome.  Taking  a  compound  plate 
at  the  ambitus  (fig.  2)  as  the  example,  it  appears  that  it  is 

Fig.  2  (see  p.  461). 


broader  than  high,  and  that  the  pairs  of  pores,  three  in  number, 
are  either  straight  or  in  a  very  slight  curve.  Two  lines  of  suture 
cross  the  compound  plate,  and  they  indicate  the  edges  of  the 
primaries  which  have  united  to  form  it.  One  line  is  between  the 
aborally  situate  plate  and  the  middle  one  of  the  combination,  and 
it  passes  from  the  adoral  pore  of  the  aboral  pair  inwards  to 
cross  the  base  of  the  tubercle  apically  to  the  mamelon,  and  thence 
it  passes  on  to  the  median  suture  of  the  compound  plate  or, 
as  it  is  called,  the  vertical  suture  or  edge.  This  line  is  very 
faintly  curved  with  the  convexity  towards  the  tubercle,  or  it 
may  be  straight  and  cross  the  fiank  of  the  boss.  The  other  sutural 
line  is  between  the  middle  plate  and  the  adoral  plate,  and  it  is  in 
contact  with  the  adoral  pore  of  the  second  or  middle  pair ;  thence 
it  crosses  the  adoral  flank  of  the  boss  actinally  to  the  mamelon 
and  reaches  the  vertical  suture  with  or  without  a  curve.  The 
aboral  plate  of  the  combination  is  a  low  and  broad  primary  which 
includes  a  small  portion  of  the  boss,  and  the  adoral  plate  is 
of  the  same  configuration  as  the  other.  The  middle  plate  is  rather 
the  largest,  and  is  a  well-formed  primary  which  carries  much  of  the 
boss  of  the  tubercle  and  all  the  mamelon. 

The  sutural  lines  between  the  plates  constituting  the  compound 
plates  are  in  some  instances  decidedly  curved,  with  the  convexity 
placed  towards  the  mamelon ;  but  this  condition  is  replaced  nearer 
the  peristome  by  quite  straight  lines.  The  formation  of  the  almost 
rectangular  primaries  in  the  combination  resembles  a  simple  appo- 
sition of  CidarMike  plates,  and  it  is  interesting  to  notice  this 
primitive  type  merging  gradually  into  the  fully  developed  one,  in 
which,  as  in  the  ancient  and  modern  Diadematoids,  the  curving  of  the 
sutural  lines  is  coincident  with  an  enlai^ment  of  the  middle  plate 
towards  the  median  Une  at  the  expense  of  the  plates  above  and 
below,  these  plates  then  departing  from  the  shape  of  those  of  the 
Cidaridffi. 

fijEMIPSDIKA  BowEBBAinai,  Wright. 

There  are  some  fine  examples  of  this  species  in  the  Museum  of  the 
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Geological  Survey,  Jermyn  Street,  and  in  most  the  number  of  sin^  , 
primary  plates  near  the  apical  end  is  very  striking,  indeed  almost 
leading  to  the  idea  that  all  the  parts  of  the  ambulacrum  are  made  up 
of  them.  But  there  are  one  or  two  compound  plates  preserred.  In 
one  of  these,  near  the  peristome,  the  triple  nature  is  evident,  and  the 
line  of  suture  between  the  middle  and  adoral  plates  is  curved,  and 
passes  from  the  adoral  pore  of  the  middle  pair  towards  the  mammon 
of  the  tubercle  and  thence  to  the  median  or  vertical  suture,  the  con- 
vexity of  the  curve  being  directed  apically.  In  another  specimen  the 
line  of  suture  between  the  middle  and  the  aboral  plate  is  seen,  and 
it  is  curved,  with  the  convexity  towards  the  mamelon.  Hence  these 
compound  plates  are  on  the  Diadematoid  type,  and  it  may  be  presumed 
from  the  phenomena  presented  by  the  recent  species  of  Diadema  that 
growth-pressure  has  changed  the  shape  of  liie  original  primaries. 
In  one  of  the  specimens  in  the  Museum  there  are  four  plates  and  four 
pairs  of  pores  in  one  of  the  compound  plates,  and  it  appears,  but 
not  very  satisfactorily,  that  the  additional  plate  is  a  low  primary. 
This  is  not  without  its  significance ;  for  a  similar  structure  is  seen 
in  allied  genera  *. 

Hemipedina  marcTuimensis,  Wright,  from  the  Coral  Bag,  is  a  fine 
form  belonging  to  a  section  of  tiie  genus  which  has  numerous 
primary  tubercles  in  rows  on  the  interradia. 

There  is  a  specimen  in  the  British  Museum  (no.  75923)  ^Hueh 
shows  the  shape  of  the  triplet  of  plates  which  combine  to  form  a 
geometrical  plate  near  the  ambitus.  The  compound  plate  is  broader 
than  high,  and  there  is  a  space  between  the  tubercle  and  the  median 
or  vertical  suture  (^g.  3).     The  direction  of  the  sutures  between  the 

Fig.  3  (see  p.  451). 


three  plates  indicates  their  shape,  especially  as  the  whole  compoand 
plate  is  contained  between  an  aboral  and  an  adoral  tnmsverw 
suture. 

The  pores  are  rather  oblique,  and  the  adoral  pore  of  the  first  pair 
is  on  tiie  suture  which  unites  the  first  and  middle  plates.  The 
line  of  this  suture  is,  from  the  interradium  to  the  adoral  pore,  sod 
thence  with  a  curve,  convex  adorally,  up  the  flank  and  over  the  tcfp 
of  the  boss  of  the  tubercle  apically  to  the  groove  at  the  base  of  the 
mamelon,  and  then  down  the  slope  to  the  edge  of  the  boss  to  reach 
the  median  suture  at  a  short  distance  from  the  aboral  and  inner 
angle  of  the  compound  plate. 

This  first  plate  is  therefore  a  low  primary  resembling  the  corre- 

*  With  regard  to  Hemipedina  BowerbcnkU,  Wright  (op.  eit,  p.  145),  illi»- 
trated  on  plate  ix.  of  the  liKmograph  already  noticed,  it  miut  be  obeeiT«d  that 
the  figure  ^  b  cannot  be  correct  It  represents  the  poree  aa  if  they  mtn  toroed 
apside  down,  and  the  adoral  pore,  or  that  which  ia  furtheet  from  thei  ' 
radium,  as  aboral  to  the  other  in  position. 
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sponding  plate  of  a  modem  Diadema,  The  middle  plate  is  lowest  at 
'  the  centre  of  the  tabercniar  area,  for  it  is  nipped  in  by  the  curred  edge 
of  the  first  plate  and  also  by  an  aboral  curvature  of  the  third  plate. 
But  further  towards  the  median  line  the  middle  plate,  after  carrying 
the  mamelon,  expands,  and  is  in  relation  with  much  of  the  boss 
and  the  greater  part  of  the  compound  plate.  The  third  plate  has 
its  abored  edge  curved  apically,  and  it  is  a  low  primary,  for  the 
suture  between  it  and  the  middle  plate  reaches  the  median  suture 
just  abactinally  to  the  adoral  and  inner  angle  of  the  compound  plate. 

The  resemblance  of  these  plates  to  those  of  the  typical  and  recent 
Biademata  is  exact. 

Perhaps  the  most  striking  species  of  Hemxpedina  is  H.  tuberculosa, 
Wright  (op.  cit,  p.  164),  on  account  of  its  resemblance  to  a  Hemi- 
cidaris  without  crenulation,  and  with  an  unusual  number  of  small 
secondary  tubercles  in  the  interradia.  It  is  a  beautiful  form,  and  is 
even  more  Cidaris'lookmg  than  Hemicidaris.  The  ambulacral 
plates,  however,  do  not  sdways  remain  as  simple  primaries;  for 
towards  the  ambitus,  where  the  tubercles  increase  in  size  rather 
suddenly,  there  are  three  pairs  of  pores  evidently  in  relation  to  as 
many  plates  which  have  combined  to  produce  a  geometrically  shaped 
compound  plate  (fig.  4).     The  triple  pairs  may  arch  very  slightl^ 

Fig.  4  (see  p.  451). 


around  or  be  straight  at  the  edge  of  a  great  tubercle,  which  nearly 
covers  the  entire  plate.  The  peripodia,  which  are  only  slightly 
oblique  and  broadly  elliptical  in  shape,  are  not  so  crowded  as  they 
are  in  Hemicidaris ;  but  they  impinge  upon  the  outer  flank  of  the 
taberde,  and  in  some  specimens  their  relation  to  the  plates  which 
their  pores  perforate  can  be  appreciated. 

Taking  the  first  tubercle  above  the  ambitus,  it  wiU  be  noticed  to 
be  situated  apically  to  a  decidedly  large  one,  and  to  be  separated 
from  it  by  more  space  than  exists  between  the  other  tubercles  placed 
in  succession  towards  the  peristome.  The  three  peripodia  are  in  a 
slight  arc,  and  the  most  adoral  is  slightly  nearer  the  tubercle  than 
the  others.  The  tubercle  is  a  broad,  low  cone,  with  a  well-developed 
mamelon  surrounded  by  a  decided  groove.  Careful  observation 
proves  that  the  adoral  pair  of  pores  has  the  adoral  pore  on  a  line 
with  a  transverse  suture  which  separates  the  combination  to  which 
this  poriferous  plate  belongs  from  the  next  plate  in  actinal  suc- 
cession. And  on  the  adoral  flank  of  the  tubercle,  and  nearer  the 
base  than  the  grooye  around  the  mamelon,  is  a  line  which  can  be 
traced  from  the  adoral  pore  of  the  peripodium  which  is  the  middle 
one  of  the  triplet,  over  the  slope  of  the  boss  to  the  median  line  of 
the  ambulacrum. 
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The  line  is  that  of  the  suture  between  the  lower  and  middle  plates 
of  the  compound  plate,  and  it  limits  the  lower  plate  aborally  and 
the  middle  plate  adorally.  As  this  suture  reaches  |the  median  line, 
and  as  the  transverse  suture  below  also  does  this,  the  lower  or 
adoral  plate  of  the  triplet  is  a  more  or  less  rectangular  primary. 

On  looking  at  the  apical  and  inner  part  of  the  tubercle  a  line  may 
be  seen  passing  along  the  side  of  the  base  of  the  tubercle  and  going 
obliquely  upwards,  or  aborally,  to  the  yertical  or  median  suture. 
This  line  is  to  be  traced  over  the  boss  aborally  to  the  mamelon  to 
the  adoral  pore  of  the  first  pair  of  the  triplet. 

It  is  the  suture  which  separates  the  aboral  (or  first)  and  the 
middle  plates  of  the  triplet;  and  as  it  reaches  the  median  line, 
the  plate  above  it,  or  the  first  of  the  series,  is  a  primary,  highest 
at  the  poriferous  zone  and  low  at  the  median  line.  This  first  plate 
is  bounded  aborally  by  the  transverse  suture  whidi  adorally  lunitl 
the  plate  placed  immediately  abactinally,  and  which  does  not  form 
part  of  the  compound  tubercle-bearing  plate  under  oonsideration. 
The  shape  of  the  middle  plate  of  the  combination  is  determined  by 
the  direction  of  the  suture  of  the  edge  (adoral)  of  the  first  plate 
and  of  that  (aboral)  of  the  third  plate.  The  plate  expands  in  the 
direction  of  the  median  line  aborally,  and,  moreover,  is  covered  by 
the  mamelon  and  by  much  of  the  boss. 

The  structure  of  the  tubercle-bearing  compound  plate  immediately 
adoral  to  the  last  is  very  simple.  The  tubercle  nearly  covers  the 
whole  plate,  except  the  narrow  poriferous  zone,  and  the  peripodii 
are  rather  oblique  and  in  an  arc,  so  that  the  third  is  nearer  the 
median  line  than  the  first  of  the  triplet. 

The  course  of  the  sutures  ifom  the  adoral  pores  of  the  peripodia 
is  the  same  as  in  the  simpler  forms  of  Psetidodiadema  and  <^  the 
modem  Biademata.  All  the  plates  of  the  compound  one  are  primaries, 
and  the  middle  one  is  the  lai^est :  it  is  covered  by  the  mamelon 
and  by  most  of  the  tubercle  near  the  median  line,  as  well  as  by  that 
portion  of  the  boss  which  lies  on  a  transverse  line  with  the  second 
peripodium.  The  suture  at  the  adoral  edge  of  the  first  plate  crosses 
the  boss  to  the  vertical  suture  with  a  slight  convexity  directed 
actinally,  and  the  suture  at  the  aboral  edge  of  the  third  plate  crosses 
the  boss  in  the  same  manner,  but  the  convexity  is  directed  apically. 
Hence  the  middle  plate  is  expanded  towards  the  median  line,  low  at 
the  part  where  the  mamelon  is,  as  it  were,  nipped  in  between  the 
first  and  second  plates,  and  not  so  low  at  the  poriferous  part  The 
first  plate  is  lowest  in  vertical  measurement  at  the  vertical  suture, 
and  so  is  the  third  plate.  The  transverse  suture  which  bounds  the 
compound  plate  adorally  is  in  contact  with  the  adoral  pore  of  the 
third  pair. 

There  are  no  demi-plates  in  this  species,  and  the  ccmipoaiid 
plates  are  difierent  in  construction  firom  those  of  Hemiddam, 

Gbnus  FsBinx)DiAnsicA,  Desor. 
Desor  (^  Synopsis,*  p.  63)  gives  a  short  diagnosis  of  this  genus,  snd 
classifies  it  in  his  group  of  Oligopores,  that  is  to  say  in  a  diTision  of 
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the  regular  Eehinoidea,  the  forms  of  whioh  have  three  pairs  of  pores 
only  to  each  ambolacral  plate. 

Test  of  moderate  or  small  size.  The  tubercles  are  of  t^e  same 
size  in  both  areas,  and  are  crenulate  and  perforate.  The  tubercles 
either  only  form  two  rows  in  the  interradia,  and  may  be  without 
secondaries,  or  they  may  be  arranged  in  four  or  even  six  rows. 

Poriferous  zones  simple.     Spines  smooth  or  faintly  striated. 

Bange  from  the  lias  to  the  Cretaceous  inclusive. 

Desor  notices  that  the  forms  thus  diagnosed  were  termed,  in  the 
^  Catalogue  Eaisonne/  "  Diadema^^'  and  were  placed  alongside  of  the 
recent  species  which  bear  that  generic  appellation.  But  besides 
being  smaller  than  the  modem  forms,  there  is  the  character  of  the 
latter  which  relates  to  the  spines  to  be  considered,  according  to  Desor. 
He  reminds  us  that  the  spines  in  the  modem  species  of  the  genus 
Diadema  are  verticillate  in  their  striated  omamentation. 

Under  the  belief  that  this  distinction  was  of  great  classificatory  im- 
portance, he  separated  the  species  which  are  found  fossil,  as  belonging 
to  the  genus  Paeudodiadema,  and  took  two  species  as  typical  of  two 
divisions  of  the  genus — Pseudodiadema  hemisphctricum  (Cidarites 
pseudodiadema  of  Lamarck,  or  Diadema  pseudodiadema,  Agass.  & 
Desor)  and  Pseudodiadema  mamillanum,  Romer.  The  first  he  con- 
sidered represented  the  group  with  several  rows  of  secondary  tubercles 
in  the  interradia ;  and  with  the  latter  he  associated  all  the  forms 
with  only  two  rows  of  tubercles  in  an  area. 

It  will  be  noticed  that  in  the  diagnosis  Desor  did  not  find  a  place 
for  certain  species  which  have  been  admitted  since,  and  which  have 
a  doubling  of  the  pairs  of  pores  in  the  r^on  above  the  ambitus. 
McCoy  had  separated  the  species  with  doubling  of  the  pairs  near 
the  apex  from  Diadema,  and  had  founded  the  genus  Dtplopodia  for 
them.  Wright,  however  (op.  cit,  p.  109),  adds  to  the  generic  cha- 
racters of  Pseudodiadema,  ''*'  the  pores  in  one  section  are  unigeminal 
throughout,  and  in  another  section  they  are  bigeminal  in  the  upper 
part  of  the  zones." 

The  same  author  states  that  Pseudodiadema  differs  from  Diadema 
in  having  solid  spines,  with  a  smooth  surface,  the  sculpture,  in  most 
oases,  consisting  of  microscopic  longitudinal  lines.  He  also  remarks 
that  the  genus  differs  from  Cyphosoma  in  having  the  tubercles 
always  perforated.  The  necessity  for  allying  Cyphosoma  and  thus 
adding  to  the  confusion  is  a  consequence  of  admitting  forms  with 
douUing  of  the  pores  into  the  genus  Pseudodiadema.  Wright 
noticed  the  genus  Diplopodia,  and  remarks  as  follows  in  placing  it 
on  one  side : — ^''Ca^eris  paribus,  the  crowding  together  of  a  greater 
number  of  pores  in  a  zone  is,  at  most,  a  sectional,  and  can  never  form 
a  stable  generic  character,  inasmuch  as  it  is  subject  to  great  varia- 
tion in  the  diplopodous  species  themselves,  and  is,  moreover,  often 
only  an  adult  development." 

Having  studied  the  morphology  of  the  ambulacra  of  the  recent 
DiadematidsB  (Joum.  Linnean  Soc.,  Zool.  vol.  xix.  p.  95)  I  was 
greatly  impressed  vnth  the  results  of  a  carefol  examination  of  many 
forms  of  the  allied  genus  Pseudodiadema,     I  came  to  the  conclusion 
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that  the  whole  suhject  of  the  classification  ought  to  he  reinvestigated, 
the  morphology  of  the  amhulacra  being  considered  of  primary  im- 
portance. It  became  easy,  after  the  examination  of  weathered  speci- 
mens, to  decide  that  whilst  some  recognized  species  ot  Pseudodiadema 
were  evidently  Oligopores  and  closely  allied  to  the  modem  Diadema^ 
others  wef  e  Polypores,  having  sometimes  as  many  as  five  or  six  pain 
of  pores  to  an  ambolacral  plate.  Again,  some  species  are  allied  to 
the  recent  forms  by  having  the  optic  pores  at  the  actinal  margin  of 
the  radial  plate,  and  by  having  decided  branchial  cuts  and  even  tags 
arising  from  the  cuts.  Moreover  the  structure  of  Cyphotoma  being 
known  to  me,  I  could  hardly  consent  to  so  close  an  alliance  as 
Dr.  Wright  suggested  between  it  and  Pseudodiadema, 

Pseudodiadema  hemisphcericum  is  well  drawn  by  Bone  in  Dr.  Wright's 
Monograph  of  the  Brit.  Foss.  Echinodermata,  pt.  1,  1855,  plate  viiL 
The  shape  of  the  radial  plates  and  the  position  of  the  optic  pore  at 
the  very  margin  of  the  plate  are  clearly  indicated,  and  the  drawing 
of  an  ambulacnmi  (fig.  1  d)  shows  the  relation  of  three  pairs  of  pores 
to  each  tubercle-bearing  plate.  The  exact  relation  of  the  pairs  is 
not  shown ;  for  the  specimen  was  so  perfect  that  no  sutures  probably 
were  visible.  But  in  the  British  Museum  there  is  a  specimen 
(No.  23329)  from  Malton,  named,  as  of  old,  Diadema  pseudodiadema, 
and  the  lines  of  the  sutures  may  be  seen  here  and  there. 

In  the  great  majority  of  the  ambulaoral  plates  there  are  three 
pairs  of  pores.  Each  pair  is  in  a  primary  plate,  and  the  three  pri- 
maries have  become  fused,  as  it  were,  into  a  geometrical  compound 
plate  (fig.  5). 

Fig.  5  (see  p.  451). 


The  first  or  aboral  pair  of  pores  of  this  compound  plate  has  its 
adoral  pore  in  contact  with  the  adoral  suture  of  the  low  broad 
primary  plate  which  forms  the  first  or  apical  portion  of  the  com- 
pound plate ;  and  this  suture  is  directed  to  the  median  or  vertical 
suture  in  a  course  which  is  somewhat  curved,  the  convexity  being 
adoral. 

The  suture  crosses  the  boss  of  the  tubercle  just  abactinally  to  the 
mamelon. 

The  pair  of  pores  which  belongs  to  the  middle  plate  of  the 
combination  has  its  adoral  pore  in  contact  with  a  sutoro  that  unites 
its  adoral  edge  with  the  aboral  edge  of  the  third  plate.  The 
direction  of  l^is  suture  is  towards  the  median  suture,  and  it  has 
a  path  from  the  interradial  end  of  the  poriferous  zone  to  the 
adoral  pore  just  noticed,  and  thence  with  a  curve  directed  apioally. 
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reaching  the  boss  adorally  to  the  mamelon.  The  conrse  is  then  to 
the  median  sutore,  and  the  termination  is  dose  above  the  adoral  and 
inner  angle  of  the  compound  plate.  The  middle  plate  is  low  at  the 
poriferous  zone,  nipped  in  vertically  at  the  boss,  where  it  includes 
the  mamelon,  and  expanded  towards  the  median  line. 

The  adoral  plate  of  this  combination  has  an  arched  aboral  edge 
and  is  a  low  and  broad  primary,  smaller  in  vertical  measurement  at 
the  median  line  than  at  the  poriferous  part. 

The  pairs  of  pores  are  in  peripodia,  and  the  amount  of  arching  is 
slight.  This  description  would  suffice  for  a  compound  plate  near 
the  ambitus  of  a  recent  Diadema.  ' 

But  the  fossil  form  has  some  compoimd  tubercle-bearing  plates  at 
or  just  below  the  ambitus,  which  are  polyporous ;  for  there  are 
distinctly  four  pairs  to  a  compound  plate,  and  not  three  only  (fig.  6). 

Fig.  6  (see  p.  452). 


There  are  therefore  four  plates  in  the  combination,  and  all  are  not 
primaries,  there  being  a  small  demi-plate  (6)  amongst  them  which 
does  not  reach  the  median  line.  The  aboral  or  first  plate  (a)  of 
the  set  resembles  the  corresponding  plates  of  the  combination 
already  described,  and  is  a  low  and  broad  primary  with  the  adoral 
edge  bent  actinally.  The  second  plate  (b)  is  a  demi,  and  it  reaches  a 
litUe  way  up  the  tubercle,  and  is  bounded  aborally  by  the  edge  of  the 
first  plate,  and  adorally  by  part  of  the  suture  of  the  third  plate  in  its 
path  to  reach  the  median  line.  Part  of  the  third  plate  (a')  has  the 
shape  of  the  middle  plates  of  the  combinations  in  which  there  are 
only  three  pairs  of  pores,  but  it  is  rather  lower,  and  the  fourth  plate 
(a")  resembles  the  adoral  plates  of  the  triple  compound  plates.  The 
second  plate  is  the  relic  of  a  primary  which  has  undergone  absorp- 
tion owing  to  that  growth-pressure  which  is  so  easily  traced  in  some 
recent  forms  of  Diadematidse.  The  recent  species  of  Diadema  do 
not,  however,  present  this  phenomenon,  and  there  are  no  demi- 
plates  in  them. 

The  simplest  form  of  fossil  Diadematid  is  a  species  which,  had  it 
doubling  of  the  pairs  of  pores  close  to  the  peristome,  would  fall 
within  the  specific  diagnosis  of  Pseudodiadema  depressum,  Agass. 

The  specimen  in  my  possession  was  obtained  by  Prof.  J.  Morris, 
MJL.,  from  the  Combrash  of  the  Chippenham  district.  It  has 
nearly  straight  rows  of  pairs  of  pores,  the  outer  pores  being  larger 
than  the  inner.  There  is  but  slight  obliquity  of  the  pores,  and  the 
pairs  are  not  dose.  There  are  three  pairs  to  each  tubercle-bearing 
compound  plate,  and  the  three  plates  are  primaries  of  the  true  Dia- 
dema .type  (fig.  7).  The  commencement  of  the  compound  plates  is 
vexy  cIoBe  to  the  radial  plate,  and  there  are  only  one  or  two  solitary 
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nnooalesced  primaries.    Near  the  peristome  the  simplicity  of  the 
compound  plate  persists,  and  there  is  no  crowding  of  the  pores.     An 

Fig.  7  (see  p.  452). 


interesting  structure  exists  in  the  form  of  a  tag,  which,  as  in  the 
recent  Diademata,  passes  up  from  the  branchial  cut  by  the  side  of 
the  ambulacra.  So  far  as  the  test  is  concerned,  or  rather  that 
part  which  remains,  the  apical  system  being  deficient,  there  is 
no  distinction  to  be  made  between  this  species  and  a  reoent 
Diadema, 

There  are  many  species  included  in  the  genus  Pseudodiadema 
by  authors  which  have  the  simple  triplet  arrangement  of  pores 
just  noticed,  and  the  peristomial  crowding  never  amounts  to  a  dis- 
placement of  pairs  or  the  production  of  demi-platee.  I  have  been 
able  to  examine  many  of  the  forms  described  by  Dr.  Wright,  thanks 
to  the  courtesy  of  his  executors.  The  type  of  this  group  existed 
from  the  Inferior  Oolite,  if  not  from  the  lias,  to  the  Gretaoeous 
age  inclusive ;  and  it  is  a  matter  of  great  interest  to  have  been 
told  that  hollow,  striated,  and  verticillate  spines  were  found  in  the 
Chalk  and  drawn  by  Mr.  Bone.  The  Fseudodiademata  with  simpk 
triplets  form,  therefore,  one  distinct  type  or  group.  The  Pseudcdia^ 
demata^  having  also  occasionally  an  additional  pair  of  pores  beloDging 
to  a  demi-plate,  belong  to  a  closely  allied  section  or  subgenus  or  group. 

The  next  type  to  be  considered,  the  third  group,  is  one  in  which 
there  are  never  less  than  four  plates  and  four  pairs  of  pores  to  a 
compound  plate,  and  of  which  Feeudodiadema  mamtUanum  already 
alluded  to,  is  an  example. 

In  most  of  the  specimens  of  this  series  there  is  barely  any  trace 
of  the  divisional  sutures  to  be  seen  in  those  plates  which  have  the 
greatest  number  of  pores  ;  but  an  instance  of  a  form  clearly  pre- 
senting all  the  necessary  structures  to  view  from  which  a  drawing 
can  be  made  is  in  Dr.  Wrighfs  collection*.  Having  examined  the 
specimen,  it  is  evident  that  a  compound  plate  at  the  ambitus  has  no 
less  than  five  primary  plates  entering  into  its  composition,  and  that 
the  next  above  or  aborid  compound  plate  has  four  (fig.  8).  The  pain 
of  pores  are  in  slight  arcs,  the  peripodia  are  well  developed  and  often 
occupy  nearly  or  quite  the  whole  height  of  the  poriferous  area  of 
the  pkte  on  which  they  are  placed.  The  adoral  pore  of  a  pair  is 
always  in  relation  witii  the  suture  between  its  plate  and  that 

*  Pseudodiadema  MieheHni,  Agist. 
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which  is  placed  immediately  actinally.  The  tubercle  of  the  com- 
ponnd  plate  is  large,  and  there  is  some  space  between  it  and  the 
median  suture. 

Fig.  8  (see  p.  452). 


Taking  the  compound  plate  above  the  ambitus,  first  of  all,  for 
descriptive  purposes,  there  are  to  be  noted  four  plates  and  four  pairs 
of  pores  in  peripodia.  The  actinal  or  fourth  plate  (no.  4)  is  a 
low  and  broad  primary  having  a  convexity  directed  aborally,  so  that 
the  plate  is  low  in  the  poriferous  zone  and  at  the  me^an  line 
of  the  ambulacrum,  and  much  higher  midway  where  it  reaches 
across  the  adoral  part  of  the  base  of  the  boss.  The  next  plate 
situated  abactinally  (no.  3)  is  the  largest  of  all  in  the  compound 
plate,  and  assimilates  in  shape  to  the  middle  plate  in  the  triplet 
of  a  Diadema ;  it  is  largest  near  the  median  suture  of  the  ambu- 
lacrum, is  nipped  in  on  the  tubercle,  and  is  somewhat  higher  at 
the  poriferous  zone.  The  adoral  pore  of  its  pair  is  in  relation  with 
the  suture  between  its  adoral  edge  and  the  aboral  edge  of  the  plate 
just  described.  The  abactinal  edge  of  the  plate  now  under  descrip- 
tion crosses  the  boss  and  the  centre  of  the  mamelon,  and  then  passes 
towards  the  median  line,  with  an  abactinal  and  inward  path,  so  as 
to  give  a  curved  appearance  to  the  suture  which  joins  this  plate  to 
the  one  immediately  above.  The  third  plate  from  the  adoral  edge, 
or  no.  2  of  the  compound  one,  is  a  long  or  rather  broad,  low 
primary,  the  actinal  edge  of  which  corresponds  with  the  abactinal 
carved  edge  of  the  plate  just  described.  So  this  third  plate  has  a 
bent  actinal  edge,  and  this  is  indicated  by  the  suture.  The  abactinal 
edge  of  the  plate  is  also  curved,  and  with  the  convexity  directed 
actinally,  and  the  height  of  the  plate  at  the  median  line  of  the 
ambulacrum  is  small  and  less  than  at  the  poriferous  zone. 

The  most  apically  placed  of  the  plates,  or  the  first  (no.  1),  is  a  low 
and  broad  primary,  lowest  at  the  vertical  suture,  and  with  the  adoral 
edge  curved  adorally,  the  abactinal  edge  being  straight  and  trans- 
verse. The  adoral  edge  of  this  plate  crosses  the  tubercle  not  very 
far  from  the  mamelon.  The  transverse  aboral  edge  is  in  contact 
with  the  actinal  plate  of  the  compound  plate  situated  immediately 
abactinally. 

All  four  plates  combine  to  form  a  solid  compound  plate,  and  they 
are  to-  be  recognized  by  the  direction  of  their  sutures.    The  angle 
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of  the  compound  plate  at  the  median  line  is  formed  by  the  large 
primary  (no.  3). 

It  will  be  observed  that  this  arrangement  of  the  component 
plates  is  not  like  that  of  the  species  already  noticed,  in  which  an 
occasional  fourth  plate  has  been  sometimes  produced ;  for  in  the 
present  instance  there  is  no  demi-plate  to  be  seen,  and  all  the  plates 
are  primaries. 

The  compound  plate  at  the  ambitus  (fig.  8)  has  a  larger  tubercle 
than  the  one  immediately  above,  and  is  larger  altogether.  It  has 
five  plates  entering  into  its  composition,  and  there  are  therefore  five 
pairs  of  pores  and  five  peripodia;  these  are  in  an  arc,  and  the 
third  pair  from  the  abactinal  edge  of  the  compound  plate  is  the 
most  remote  from  the  median  line  of  the  ambulacrum. 

The  first,  second,  and  third  plates  from  the  abactinal  edge  are 
formed  after  the  model  of  the  abactinal  plates  1  and  2  of  the  compound 
plate  above,  and  they  are  low  and  broad  primaries  with  a  curved 
adoral  edge.  The  fourth  plate  is  the  largest,  and  corresponda  in 
shape  to  the  third  plate  from  the  abactinal  edge  of  the  compound  plate 
above ;  it  is  on  the  type  of  the  middle  plate  of  a  Diadema^  and  is 
expanded  towards  the  median  line,  and  is  lower  on  the  taberde, 
the  actinal  half  of  which,  and  sometimes  more,  it  carries. 

The  last  and  actinal  plate  of  the  combination  (no.  5)  is  a  primary, 
low  at  the  median  suture,  slightly  higher  at  the  poriferous  zone,  and 
with  an  arched  aboral  edge  which  curves  towards  the  mamelon  and 
just  reaches  the  tubercle.  The  adoral  edge  of  the  plate  is  trans- 
Terse  and  straight,  and  it  is  the  actinal  boundary  of  the  compound 
plate. 

Thus  the  three  actinal  plates  of  this  compound  plate  resemble  in 
shape  and  in  position  the  three  adoral  plates  of  the  compound  plate 
above,  and  it  appears  that  the  additional  plate  of  the  ambital  com- 
pound is  either  the  fourth  or  fifth  from  the  actinal  edge.  Great  as 
the  downward  growth-pressure  must  have  been,  there  are  no  demi- 
plates.  I  have  not  had  access  to  some  of  the  most  important  poI  j- 
porous  species  figured  in  Dr.  Wrighf  s  monograph,  but  whidli  do 
not  belong  to  his  collection,  and  I  can  therefore  only  assert  that  in 
all  the  forms  of  the  group  which  have  been  examined  by  me  there 
is  an  absence  of  the  demi-plate. 

Considering  the  first  two  groups  of  forms  hitherto  named  Paeudo-^ 
diadema,  it  is  evident  that  the  ambulacral  structures  unite  them, 
and  at  the  same  time  separate  them  from  the  polyporous  group. 
It  is  interesting  to  note  that  these  simple  forms  are  the  oldest; 
they  differ  from  the  recent  species  of  Diadema  in  shape  and  size 
at  maturity,  and  in  the  comparative  height  of  their  plates.  More- 
over the  occasional  demi-plate  in  the  tuberde-beanng  plate  con- 
stitutes a  distinction ;  for  this  is  not  seen  in  the  modem  forms. 
The  details  of  the  peripodia  of  the  ancient  and  modem  forms 
are  not  quite  the  same. 

With  regard  to  the  spines  there  is  much  difficulty  in  making  very 
definite  distinctions,  and  there  are  many  loose  spines  found  in  tiM 
Secondary  series  of  rooks  which  are  comparable  with  those  of  Diademntu 
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It  appears  consistent  with  the  results  of  these  researches  to  decide 
that  the  genos  Pseudodiadema  should  be  restricted  to  the  forms  with 
triple  plates,  with  an  occasional  extra  plate  in  the  nature  of  a  demi- 
plate ;  that  is,  to  groups  one  and  two.  Of  such  a  genus  the  spe- 
cies placed  in  the  following  list  may  be  taken  as  common  forms : — 
Pseudodiadema  Moorei,  Wright ;  P.  depressum,  Ag. ;  P,  radiattem, 
Wright ;  P.  BakericB,  Woodw. ;  P,  priscum,  Cott. ;  P,  incBqudUy  Des. ; 
P,  WrigfUiiy  Cott. ;  P,  prisciniacense,  Cott. ;  P.  rottUare^  Ag. ;  P. 
Benettio!,  Forbes ;  P.  omaium^  Goldf. ;  and  the  species  which  has 
been  partly  described  in  this  communication.  Pseudodiadema 
Brongniarti,  Ag.,  and  P.  Bailyi,  Wright,  may  be  taken  as  good 
examples  of  the  subgroup  with  an  occasional  demi-plate ;  and  of 
course  P.  Tiemisphcgricum  is  the  type. 

On  the  other  hand,  the  species  with  at  least  four  and  with  five 
pairs  of  pores  or  more,  both  in  forms  not  full-grown  and  adult, 
should  be  ranged  in  another  genus — Plesiodiadema.  Under  this 
genus  will  be  arranged  the  species  P.  mamiUanum^  Eomer ;  P. 
Miehdiniy  Ag. ;  P.  Blancheti,  Des. ;  P.  Vemeuilii,  Cott. ;  P.  tenuis, 
Des. ;  P.  armtdare^  Desor,  &c. 

Fig.  9  (see  p.  452). 


Genus  Pedina,  Agass. 

The  diagnosis  of  Pedina  (an  Oolitic  genus)  has  been  partly 
noticed  (page  422),  and  it  is  now  necessary  to  determine  what  dis- 
tinction the  obliquity  of  the  triple  pairs  of  pores  makes  in  the  shape 
of  the  plates. 

Taking  Pedina  Smithii,  Wright,  as  the  type,  an  examination  of 
the  specimen  in  the  late  Dr.  Wnghf  s  collection  indicates  that 
the  ambulacra  are  different  from  those  of  Hemipedina,  The 
arrangement  of  the  triplets  of  pores  is  to  a  certain  extent  like  that 
in  typical  recent  Triplechinidae,  and  the  first  or  aboral  pair  (fig.  9,  c) 
of  each  series  of  three  in  one  line  is,  as  in  the  recent  forms,  the 
adoral  or  actinal  pair  of  a  triple  compound  plate,  and  is  situated 
much  nearer  the  median  line  of  the  ambulacrum  than  the  pair 
immediately  aboye  (fig.  9,  h).   The  pairs  are  in  oblique  series  of  three. 
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slanting  adorally  and  towards  the  interradia.  But  when  a  series  of 
pairs  is  considered  in  relation  to  a  compound  plate  it  appears  that 
there  is  really  great  arching,  for  the  second  and  third  pairs  of  pores 
in  the  linear  series  are  the  first  and  second  pairs  of  the  compound 
plate,  whilst  the  third  pair  of  the  plate,  or  the  adoral,  belongs  to 
the  linear  series  immediately  actinaUy,  or  they  are  much  nearer  the 
ambulacral  median  line. 

The  pair  of  pores  which  is  in  the  abactinal  part  of  a  compound 
plate  is  the  second  pair  of  a  triplet,  and  of  course  the  third  pair 
belongs  to  the  middle  plate  of  the  combination.  The  second 
pair  of  the  triplet  of  pores  is  nearer  the  interradium  than  the 
first  pair,  which  belongs  to  the  compound  plate  above ;  but  the  third 
pair,  which  is  in  the  middle  plate  of  the  compound  one,  is  nearest  the 
interradium. 

The  peripodia  of  the  pairs  are  rather  close.  The  compound 
plates  are  low  and  much  crowded,  and  there  are  no  less  than  four 
of  them  in  contact  with  an  interradial  plate  slightly  above  the 
ambitus,  where  the  diagrammatic  sketeh  was  taken.  Thus  as 
each  compound  plate  consists  of  three  plates  combined,  there  arc 
twelve  in  relation  to  an  interradial  plate. 

In  the  specimen  in  Dr.  Wright's  collection  the  sutures  of  one  of 
the  ambulacra  can  be  distinguished  in  a  vertical  series  of  four  plates 
(fig.  9),  the  most  apical  of  which  and  the  most  actinal  bear  tubercles, 
the  two  others  being  simply  granular.  The  shape  of  the  plates  con- 
stituting the  compound  plates  and  the  direction  of  the  sutures  differs 
in  some  of  the  compound  plates  ;  nevertheless  there  is  no  difficulty 
in  seeing  that  the  variation  has  been  due  to  pressure  from  growth 
infiuencing  plates  which,  under  other  circumstances,  might  have 
remained  typical  of  Diadema,  The  arrangement  of  the  component 
plates  is  not  at  all  like  that  seen  in  Echinus^  and  the  genus  Pedina 
does  not  enter  the  family  of  the  Echini  proper. 

Compound  plate  I. — The  edges  of  ihe  plate  which  are  in  the 
lines  of  the  sutures  between  the  plate  and  those  immediately  apical 
and  adoral  are,  as  is  usual,  transverse,  and  reach  the  median  line 
at  the  reentering  angle  of  the  median  zigzag. 

The  aboral  plate  (a!)  of  the  compound  is  a  demi-plate  which  does 
not  reach  far  beyond  the  poriferous  half  of  the  combination :  and 
the  adoral  pore  is  on  the  adoral  suture,  which  is  curved  with  the 
convexity  directed  actinaUy. 

The  middle  plate,  a  primary,  carries  the  bulk  of  the  tubercle  and 
gradually  increases  in  vertical  measurement  from  the  poriferous  area 
to  the  vertical  suture  at  the  median  line.  It  is  bounded  aboraUy 
by  the  demi-plate  (a')  and  by  part  of  the  transverse  suture,  and 
it  is  bounded  aotinally  by  the  edge  and  suture  of  the  third  plate,  s 
primary  (c). 

This  suture  is  curved,  with  the  convexity  aboral ;  it  just  touches 
the  adoral  part  of  the  tubercle,  and  reaches  the  median  line  at  a 
slight  distance  from  the  actinal  and  inner  angle  of  the  compound 
plate.  The  direction  of  the  suture  is  that  seen  so  commonly  in  the 
third  plate  of  a  triplet  in  Hemipedina  and  Diadema. 
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Thus  the  plate  a'  is  a  demi,  plate  6  is  a  large  primary,  and 
plate  c  is  a  low  and  broad  primary  with  an  arched  aboral  edge. 

Compound  plate  11. — ^This  is  composed  of  three  primaries,  of 
which  the  middle  is  the  largest  and  occupies  most  of  the  plate  near 
the  median  line.  The  plate  is  truly  Diadematid  in  its  shape  and  in 
the  details  of  the  sutures.  Plate  a  is  a  low  broad  primary  with  its 
adoral  edge  curved  actinally.  Plate  c  is  also  a  low  and  broad 
primary  and  the  aboral  edge  is  curved  with  the  convexity  placed 
towardis  the  apex.  Plate  b  is  low  at  the  poriferous  area,  nipped  in 
and  lower  farther  towards  the  centre  of  the  plate,  and  expanding 
considerably  towards  the  median  line. 

Compound  plate  HI. — ^This  resembles  the  last ;  but  the  direction 
of  the  suture  uniting  the  middle  plate  with  the  adoral  plate  is  less 
curved  and  approaches  a  straight  line. 

Compound  plate  IV. — ^This  is  Arbacioid  in  shape  and  there  is  an 
aboral  demi-plate  (a'),  a  large  middle  primary  plate  (6),  and  an 
adoral  demi-plate  (c'). 

The  middle  plate,  much  the  largest,  carries  the  tubercle,  and  the 
whole  of  the  vertical  suture  is  in  relation  to  it.  The  poriferous  part 
of  this  hatchet^haped  plate  (6)  is  low.  Plate  a'  has  its  actinal  edge 
much  curved  adorally,  and  the  suture  nearly  reaches  the  median 
line,  but  the  plate  is  a  demi-plate. 

Plate  c\  also  a  demi-plate,  has  its  aboral  suture  curved  with  the 
convexity  aboral,  and  it  terminates  short  of  the  median  line  and  at 
about  the  same  vertical  position  as  the  suture  of  plate  a'. 

It  is  evident  that  Pedina  is  a  well-defined  genus,  and  that  the 
situation  of  the  sutures  which  are  in  the  ambulacra  is  different 
from  that  seen  in  the  family  Echinidae,  and  in  the  main  resembles 
that  of  Diadema  and  Pieudodiadema. 

The  presence  of  the  demi-plates  fashioned  after  the  Arbacioid 
type  ally  the  form  with  Hemictdaris. 

Genus  STOMEcnnnrs,  Desor. 

The  examination  of  the  ambulacra  of  the  typical  species  of  this 
Oolitic  genus  shows  that  the  plates  are  not  arranged  after  the  method 
which  characterizes  the  true  EchinidsB,  of  which  the  common 
Echinus  is  the  type.  The  compound  plates  of  Stomechinus  are  made 
up  of  primary  plates  combined  and  modelled  after  the  Diadema  type 
and  not  after  that  of  Echinus  or  Strongylocentrotus, 

Desor  placed  this  Oolitic  genus  with  Echinus  and  PsammechinuSf 
and  apart  from  the  Diadematidse. 

The  following  is  his  diagnosis  (*  Synopsis  des  Eohinides,'  p.  124) : — 

Urchins  of  moderate  size,  subcorneal,  with  pores  distinctly  tri- 
geminate  as  in  the  true  Echini  Peristome  large,  profoundly  cut, 
no  longer  decagonal,  but  in  the  form  of  a  pentagon,  the  bifid  angles 
of  which  correspond  to  the  interambulacra.  Spines  striated  longi- 
tudinally and  small 

Stomechinus  higranulariSy  Lamk.,  sp.,  is  the  type,  and  its  synonyms 
are  EMnus  serialis^  Wright,  E,  intermedius,  Agass.,  and  E.  arenatus^ 
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Lamk.  Desor  notices  that  the  amount  of  the  cutting  of  the  peristome 
differs  in  the  species,  and  that  in  some  specimens  of  the  typical 
species  this  characteristic  peculiarity  is  not  so  intense  as  in  othen. 
Nevertheless  Desor,  with  his  usual  sagacity,  seized  upon  the  cha- 
racter which  of  itself  distinguished  this  genus  from  its  fossil  allies. 
There  are  numerous  species,  and  the  specimens,  so  far  as  I  can 
make  out,  have  some  other  distinctive  structures  equally  important 
with  that  chosen  hy  the  founder  of  the  genus.  These  freshly  noticed 
characters,  well  known  to  all  writers,  are  of  great  importaiice  now 
that  the  structure  of  the  amhulacra  is  decided.  Taking  a  good 
specimen  of  Siomechinus  bigranularis  from  the  Great  Oolite,  it  is 
seen  that  the  apical  disk  is  small  and  compact,  the  basal  plates 
project  well  into  the  median  line  of  the  interradia,  and  this  Hne  ii 
very  bare  and  well  marked  by  the  vertical  suture.  The  triangolar 
basals  have  large  generative  pores  and  alone  form  the  anal  ring. 
The  radiab  are  wide  at  the  adoral  edge,  which  is  notched,  and  the 
optic  pore  is  in  that  edge. 

The  tubercles  of  botib  areas  are  smooth,  imperforate,  non-crenn- 
lated,  and  not  very  unequal.  The  rows  of  tubercles  diminish 
in  numbers  abactinally.  The  ambulacra  are  about  one  half  of  the 
width  of  the  interradia  above  the  ambitus,  and  at  the  peristome  the 
ambulacra  are  nearly  twice  as  wide  as  the  interradia.  The  pores  are 
in  triplets,  and  above  the  ambitus  the  series  of  threes  are  very 
oblique  and  barely  in  arcs,  but  nearer  the  peristome  they  are  more 
in  arcs.  The  pairs  are  very  numerous,  and  although  there  is  a 
crowding  towards  the  peristome  still  the  pairs  are  in  place. 

Near  the  radial  plate  the  poriferous  plates  are  low  and  broad 
primaries.  A  little  way  down,  and  where  the  first  large  tubercle 
is  seen,  three  primaries  have  combined  to  form  a  compound  plate, 
low  and  broad.  The  adoral  plate  of  the  compound  is  a  low 
primary  with  a  slight  aboral  bend,  and  the  aboral  plate  is  also  low 
and  broad,  and  it  has  an  adoral  curve  where  it  comes  in  contact 
with  the  middle  plate;  this  is  low  at  the  poriferous  part  and 
expanded  towards  and  at  the  median  line.  There  are  no  demi- 
plates.  The  cuts  are  well  developed,  and  yet  in  a  form  which  will 
for  the  future  be  accessible  in  the  British  Museum  these  branchial 
shts  are  not  so  very  distinctive ;  but  there  is  always  the  great  width 
of  the  ambulacra  at  the  peristome  and  the  remarkable  diminution  of 
the  size  of  the  interradia  there. 

It  appears  therefore  that,  bearing  in  mind  the  deep  branchial  cuts 
of  some  modem  Diadematidae ;  and  the  fact  that  these  and  other 
members  of  the  family  have  bare  median  spaces,  the  peculiar  shape 
of  the  component  plates  of  the  compounds,  and  the  nature  of  the 
radial  plates,  Siomechinus  must  come  amongst  the  Diadematids. 
Its  position  is  clearly  near  Pedina,  from  which  it  is  distbgoished  by 
the  imperforate  and  non-crenulated  tubercles,  together  with  the 
deep  branchial  cuts. 

Oenus  HraaciDABiB,  Agass. 
The  genus  Hemiddaris,  Agass.,  is  very  readily  distingoished  from 
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all  others,  acoording  to  its  founder  and  Desor,  by  the  structure  of 
the  ambulacra  of  the  species.  Desor  remarks  ('  Synopsis  des 
Echinides  Eossiles,'  p.  51,  plates  x.  and  xi.):  ^^The  distinctive 
character  is  found  in  the  ambulacra,  which,  in  one  part  of  their 
length,  particularly  towards  the  base  and  sometimes  as  far  as  the 
ambitus,  are  furnished  with  true  tubercles,  which  are  smaller  than 
those  of  the  interradia,  but  which  like  them  are  distinctly  crenulated 
and  perforated."  The  generic  diagnosis  also  notes  that  the  pori- 
ferous zones  are  composed  of  two  simple  rows  of  pores  which  are  fre- 
quently doubled  at  the  peristome. 

If  the  narrowness  of  the  ambulacra  and  the  multiplicity  of  the 
pairs  of  pores  are  added  to  the  above  very  definite  characters,  all 
that  has  hitherto  been  recorded  about  the  morphology  of  the 
ambulacra  will  be  found  to  have  been  stated. 

But  the  exceeding  narrowness  of  the  ambulacra  above  the  ambitus, 
and  the  relatively  narrow  interporiferous  area,  coupled  with  the 
curving  of  long  series  of  pairs  of  pores  in  relation  to  the  great 
interradial  tubercles  placed  near  to  the  ambulacra,  are  necessary 
additions  to  the  diagnosis.  The  species  are  numerous,  and  are 
Oolitic.  Many  of  the  forms  from  the  Coral  Rag  are  well  preserved, 
and  show  structures  which  have  hitherto  escaped  notice  and  which 
are  of  considerable  classificatory  importance. 

In  Hemieidaris  intermedia,  Forbes,  and  Hemicidaris  eremUaris, 
the  plates  of  the  ambulacra  near  the  radial  end  are  simple  primaries. 
Each  pair  of  pores  is  in  a  separate  plate  which  either  is  ornamented 
with  a  tubercle  or  only  carries  one  or  more  granules  (fig.  10). 
There  is  usually  an  alternation  of  small  tubercle-bearing  and 
granular  plates.  The  sixth  plate  from  the  radial  plate,  on  ambu- 
lacmm  II.  zone  a  (fig.  10),  specimen  in  Brit.  Mus.  no.  14122,  may 
be  taken  as  a  type  of  the  smaU  primaries  at  this  part  of  the 

Fig.  10  (see  p.  462). 


© 


ambulacrum,  where  the  plates  are  numerous  and  narrow.  The 
position  of  the  peripodium  is  usually  slightly  oblique  and  close  to  the 
interradial  edge,  near  the  adoral  suture.  Tlie  plate  is  broader  than 
high,  and  much  of  it  is  covered  by  the  tubercle.  This  is  low  and 
has  a  mamelou  which  is  perforated.  The  granule-bearing  plates  of 
this  part  resemble  that  just  described,  except  that  a  granule  occupies 
the  position  of  the  tubercle.  Usually  there  is  but  one  granule. 
The  tubercle -bearing  plate  intrudes  upon  the  granule-bearing  plate, 
which  is  placed  aborally,  so  that  this  last  is  often  the  smaller  of  the 
two. 

Besides  the  usual  extension  of  the  tubercle  of  the  small  primary 
plates  very  high  up  in  the  ambulacrum,  an  oblique  direction  of  their 
adoral  edge  is  often  noticed ;  and  it  is  evidently  the  result  of  the 
upward  expansion  of  a  plate  which  is  situated  adorally. 

Q.  J.  G.  8.  No.  163.  2h 
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From  the  effects  of  the  obliquity  of  the  adoral  edge,  the  part  of 
the  plate  near  the  interradium  is  greater  in  vertical  measorement 
than  that  towards  the  median  line. 

Numerous  small  and  usually  very  low  primary  plates  succeed,  and 
in  the  ambulacrum  under  examination,  wherever  a  granule-beazing 
plate  is  in  contact  adorally  with  a  small  tubercle-bearing  one  this 
last  intrudes  upon  and  deforms  the  other  (fig.  11). 

Fig.  11  (see  p.  462). 
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The  plates  15,  16, 17,  and  18,  of  the  same  ambulacrum  and  tone, 
may  be  taken  as  typical  of  the  greater  part  of  the  area  halfway 
between  the  great  tubercles  at  the  ambitus  and  the  radial  plate. 

Plate  15  is  a  low  primary  with  a  very  small  mamiUated  boss  and 
three  minute  granules.  The  interporiferous  portion  is  on  a  slightly 
higher  level  than  the  poriferous  area,  and  the  aboral  edge  of  the 
plate  below  (plate  16)  fits  into  a  space  which  is  produced  by  this 
want  of  conformity  of  level. 

Plate  16  is  of  the  usual  height  in  the  poriferous  area,  but  it  is 
forced  up  aborally  by  the  expansion  of  the  tubercle-bearing  plate  17, 
situated  immediately  actinally  to  it,  so  as  to  conform  at  its  adoral 
edge  with  the  curve  of  the  base  of  the  tubercle.  Hence  this  plate, 
which  is  very  sparely  ornamented  with  a  granule  or  two,  is  almost 
linear  towards  ^e  median  line. 

Plate  17  has  a  small  tubercle  which  occupies  nearly  the  whole  of 
a  much  expanded  interporiferous  area,  the  increase  in  growth  being 
apical.  The  next  plate,  18,  is  a  low  primary  with  granules,  and  it 
is  not  much  deformed  by  the  slight  adoral  extension  of  the  abore- 
mentioned  tubercle.     All  these  plates  are  primaries. 

Nearer  the  ambitus  the  fusion  of  primaries,  forming  compound 
plates  with  two  pairs  of  pores,  becomes  evident.  Thus  at  plates  35, 
36,  and  37  (fig.  12),  this  is  well  seen. 

Fig.  12  (see  p.  452). 


Plate  35  is  a  primary,  or,  rather,  was  one  before  its  adoral  edge 
united,  organically,  with  the  aboral  edge  of  the  plate  36,  and  before 
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this  anion  produced  a  symmetrical  plate  towards  the  median  line. 
The  tubercle  of  plate  36  intrudes  on  plate  35,  the  adoral  suture  of 
which  crosses  the  boss  to  reach  the  median  line  not  far  from  the 
apical  angle  of  the  compouud  plate :  this  suture  is  curved,  with  the 
convexity  directed  adorally.  A  few  granules  are  placed  between 
the  tubercle  and  the  median  line,  and  upon  the  apical  part  of 
plate  35. 

On  comparing  plates  35  and  36  with  plates  16  and  17,  it  would 
appear  that  the  resisting  power  of  the  plate  35  was  greater  than 
that  of  plate  16;  but  this  is  the  first  evidence  we  have  of  the 
direction  of  the  aboral  plate  of  a  combination.  It  is  important  to 
observe  that  the  poriferous  area  of  plate  35  is  higher  in  measurement 
than  the  part  dose  to  the  median  Hue. 

The  tuberculiferous  area  of  plate  36  is  much  larger  than  the 
corresponding  poriferous  area.  The  next  plate,  37,  is  a  small  low 
primary^  with  granules,  and  the  first  step  towards  its  organic 
connexion  with  plate  36  is  the  symmetrical  arrangement  of  the 
granules  in  conformity  with  their  place  and  trend  in  the  two  other 
plates  35  and  36,  which  certainly  do  form  a  double-pored  combi- 
nation. 

The  structure  of  the  plates  immediately  aborally  to  the  first  large 
tuberde  at  the  ambitus,  counting  from  the  radial  plate,  is  simple  as 
a  rule,  and  differs  in  a  remarkable  manner  from  that  of  the  great 
tubercle-bearing  compound  plates.  Taking  the  Amb.  III.  of  the 
species  of  ffenncidaris,  and  the  zone  "  a,"  it  will  be  noticed  that  the 
small  compound  plate  placed  aborally  to  the  great  tubercle,  consists 
of  three  low  primary  plates  united  to  form  a  symmetrical  com- 
bination (fig.  13)*.     The  tubercle  which  is  placed  on  this  compound 

Fig.  13  (see  p.  452). 


plate  is  small,  and  its  boss  is  crossed,  from  the  poriferous  area  to  the 
median  line,  by  the  sutures  of  the  aboral  and  adoral  plates  (37  &  39) 
where  they  are  in  contact  with  the  edges  of  the  central  plat^,  which 
usually  has  the  mamelon  upon  it  (38).  The  line  of  the  sutures  is  almost 
transverse  in  most  instances ;  but  it  may  happen  that  the  adoral 
plate  of  the  combination  is  so  jammed  by  the  huge  tubercle  of 
the  plate  immediately  on  the  actinal  side,  ^t  it  becomes  a  demi- 
plate,  because  it  cannot  reach  the  median  line  (fig.  14). 

The  following  is  the  construction  of  a  large  tuberde-bearing  plate 
at  the  ambitus  (figs.  13,  14). 

*  Speoimen  24122,  BritiBh  Mtueimu 

2h2 
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Fig.  14  (see  p.  452). 


The  tubercle  coveis  nearly  the  whole  of  the  three  plates  which 
compose  the  compound  plate,  and  even  the  peripodia  are  on  its 
slope. 

The  tubercle,  as  is  well  known,  is  laige  and  tall,  has  a  sloping 
boss,  a  wide  crenulated  ridge  and  groove,  and  a  large  perforated 
mamelon.  There  are  three  pairs  of  pores  surrounded  by  as  many 
peripodia  in  immediate  relation  with  the  plate,  and  they  are  rather 
distant  and  in  an  arc.  (A  pair  situated  adorally  to  the  others  is  in 
connexion  with  the  compound  plate  placed  immediately  actinally. 
Again,  a  pair  which  is  on  a  line  with  the  aboral  edge  of  the  tuberde 
belongs  to  the  plate  above.)  On  examining  most  specimens  the  only 
trace  of  a  suture  between  any  of  the  component  plates  is  seen  v^ 
generally  as  a  depressed  line  on  the  side  of  the  boss  towards  the 
median  line  of  the  ambulacrum  and  passing  towards  the  aboral  and 
inner  angle  of  the  compound  plate  or  rather  of  the  tubercle.  The 
direction  of  the  line  is  apical  and  to  the  median  line,  and  it 
reaches  this  last  either  slightly  or  considerably  below  the  aboral 
angle  of  the  compound  plate  at  the  vertical  suture.  But  in  many 
weathered  specimens  there  is  another  and  distinct  suture  visible, 
and  it  passes  actinally  from  the  crenulated  edge  over  the  adoral  £ioe 
of  the  boss,  and  it  may  reach  the  transverse  suture  with  a  gentle 
curve.  On  the  poriferous  side  of  the  tubercle  the  first-mentioned 
suture  is  seen  to  be  in  relation  with  the  highest  of  the  three 
peripodia  of  the  plate,  to  commence  in  the  line  of  groove  passing 
adorally  to  the  obliquely  placed  first  pair  of  pores,  no.  40,  and  to 
reach  up  the  side  of  the  boss  to  the  crenulated  ridge,  and  then  to 
cross  the  boss  towards  the  median  line.  The  direction  of  this  snture 
may  be  in  a  right  line  or  in  a  slight  curve  with  the  convexity 
looking  actinally.  The  suture  joins  the  aboral  and  central  plates  of 
the  triplet,  and  it  leaves  the  mamelon  adorally  and  pursues  a  mois 
or  less  oblique  course.  It  is  clearly  touched  by  the  adoral  pore  of 
the  pair. 

The  shape  of  the  suture  and  its  direction  determine  to  a  great 
extent  the  shape  of  the  aboral  plate  of  the  combination,  and  this 
is  a  primary  plate  with  the  poriferous  area  higher  in  vertical 
measurement  than  the  opposite  extremity,  and  with  the  int^- 
mediate  part  the  highest  of  all. 

The  next  pair  of  pores,  situated  adorally  to  the  last,  are  also 
obliquely  placed,  and  on  the  edge  of  the  boss  (no.  41),  and  the 
adoral  pore  is  in  contact  with  a  suture  which  passes  inwards  and  up 
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the  flank  of  the  boss  adorally  to  the  orenulated  ridge,  and  which  then 
turns  with  a  more  or  less  wide  angle  to  reach  the  suture  between 
the  tubercle-bearing  plate  now  under  consideration  and  that  placed 
immediately  adorally.  But  the  suture  does  not  reach  the  median 
line  of  the  ambulacrum,  for  the  plate  (42)  which  it  bounds  aborally 
is  a  demi-plate  ♦. 

This  demi-plate,  the  third  or  adoral,  of  the  compound  tuberde- 
bearing  plate  (no.  42),  varies  in  size  in  diflferent  tubercles  and  is 
always  highest  at  the  region  of  the  boss. 

The  central  plate  (no.  41),  which  is  bounded  aotinally  by  the 
suture  first  described  which  crosses  the  tubercle  obliquely,  and 
also  by  that  just  noticed,  is  very  large  and  is  a  primary.  It  is  rather 
low  at  the  poriferous  area,  but  the  height  increases  on  the  surface 
occupied  by  the  mamelon,  and  all  the  inner  part  of  the  combination- 
plate  is  occupied  by  it  towards  the  median  Hne,  except  a  small  por- 
tion dose  to  the  aboral  and  inner  angle  which  belongs  to  the  highest 
of  the  triplet.  Thus  the  great  tubercle-bearing  compound  plate  is 
composed  of  a  large  intermediate  primary,  a  smaller  aboral  primary, 
and  a  large  demi-plate  (sometimes  a  primary)  which  is  the  adoral 
oi  the  three. 

It  is  interesting  to  note  that  in  shape  the  aboral  plate  re- 
sembles the  corresponding  plate  in  the  genus  Diadema^  and  that 
the  adoral  has  frequently  the  outlines  of  the  corresponding  plate 
in  Ccehpleurus,  Duncan  and  Sladen,  op.  cit. 

All  the  great  tubercle-bearing  plates  of  ffemieidaris  show  the 
details  just  described,  and  if  there  is  any  variation  it  depends  on 
the  position  and  nature  of  the  plate  towards  the  peristome  where 
the  sutures  come  closer  together. 

In  the  majorit}'  of  ambulacra  the  next  three  plates,  situated 
adorally  to  those  just  described,  carry  a  large  tubercle  resembling 
in  shape  that  noticed  above,  but  smaller.  The  plates  form  a  com- 
pound one,  and  the  lines  of  their  sutures  ^nd  therefore  their  shapes 
are  the  same  as  in  the  compound  plate  just  noticed.  The  peri- 
podia  are  in  an  arc,  and  are  three  in  number,  and  the  aboral  plate 
of  the  triplet  is  a  broad  and  low  primary  resembling  that  of  the 
first  tubercle-bearing  plate ;  the  second  is  also  a  large  primary,  and 
the  third  or  adoral  plate  is  a  demi-plate. 

The  next  compound  plate  is  also  a  triplet,  and  so  are  all  the  others 
down  to  the  peristome.  The  pairs  of  pores  and  their  peripodia  are 
closer,  and  the  arcs  are  interfered  with  in  consequence  of  growth  and 
pressure;  but  the  three  peripodia  of  a  tuberculiferous  plate  can 
always  be  distinguished,  although  the  second  peripodium  of  a  series 
may  be  almost  excluded.  There  is  no  addition  of  plates  or  pairs  of 
pores,  and  the  position  of  the  pairs  corresponds  with  that  observed 
and  described  by  Lov^n  in  Str<mgylocentrotuSj  although  the  expla^ 
nation  he  gave  mil  hardly  meet  the  instance  of  Hemieidarit, 

An  important  exception  to  the  rule  r^arding  the  regular  sequence 
of  the  ambulacral  tubercles,  occurs  in  some  specimens.    Thus  in  a 

*  There  is  some  variatioii  in  different  specimens  and  the  suture  does  reach 
the  median  line  in  some  (see  fig.  13). 
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well-preserved  Bpecimen  the  first  great  tuberde-bearing  compound 
plate  of  ambulacrum  III.,  zone  "  a,"  is  followed  apically  by  granule- 
bearing  plates,  two  of  which  clearly  form  a  compound  plate ;  but  the 
third  or  adoral  one  seems  to  have  become  jammed  into  the  aboralface 
of  the  tubercle-bearing  plate  below  (fig.  15). 

Fig.  16  (see  p.  462). 


It  is  evident  that  there  are  four  plates  in  this  compound  one,  and 
that  the  existence  of  the  small  demi-plate  is  due  to  the  great  pres- 
sure to  which  it  was  subjected  whilst  a  primary. 

Hemicidaris  granulosa,  Wright,  a  species  firom  the  Inferior  Oohte, 
of  which  there  is  a  specimen  in  the  Museum  of  Practical  Geology, 
Jermyn  Street,  has  the  ambital  compound  plates  made  up  of  four 
primaries.  The  three  placed  actinally  present  the  typical  Diadema- 
arrangement,  and  the  aboral  plate  is  a  low  and  broad  primary  (fig.  16). 

Fig.  16  (see  p.  462). 


The  same  arrangement  of  four  plates  in  a  compound  one  ocomt 
in  Hemicidaris  WrigTui,  Desor,  from  the  Great  Oolite. 

In  small  and  immature  specimens  of  ffemiddaris  tniermsdia  the 
plates  which  bear  the  great  tubercles  at  the  ambitus  are  made  exactly 
after  the  fashion  of  the  simplest  Pseudodiadema, 

In  a  specimen  of  H.  pustulom,  Agass.,  in  the  Museum  of 
Practical  Geology,  the  suturing  of  the  plates  at  the  peristome  it 
perfectly  visible.  The  pairs  are  in  triple  series,  and  the  plating  is 
like  that  of  the  simple  Pseudodiadema, 

It  is  certain  that  there  is  no  trace  of  a  demi-plate  in  tiiese  last 
three  species. 

It  is  possible  that  the  existence  of  a  demi-plate  in  some  of  the 
specimens  of  H.  intermedia  may  be  an  individual  peculiarity ;  tat 
in  the  specimen  already  noticed  with  a  demi-plate  jammed  into 
the  aboral  part  of  a  compound  plate,  there  is  another  anomaly. 

The  compound  plates  begin  nearer  the  radial  plate  than  is  iimal« 
and  the  plates  of  zone  *<  a,"  ambulacrum  III.,  numbered  31,S2«  and 
33,  form  a  triplet  (fig.  17). 
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Fig.  17  (see  p.  452). 


It  appears,  then,  that  in  the  genus  ffemicidaris  the  multitude  of 
small  primaries  is  succeeded  by  doublets  or  triplets  and  the  great 
tubercle-bearing  plates.  These  are  either  triplets  after  the  Diadema- 
type,  more  or  less  modified,  or  have  four  pairs  of  pores,  the  additional 
pair  being  in  a  low  primary,  which  has  been  joined  to  the  aboral 
edge  of  a  compound  plate,  or  in  a  demi-plate  (fig.  15).  The  influence 
of  the  growth  of  the  large  tubercles  upon  the  spreadmg  of  the  middle 
plate  and  the  curvature  of  the  adoral  and  aboral  plates  is  very 
evident. 

Finally,  it  appears  that  the  arrangement  of  the  triplets  when 
crowded  at  the  peristome  is  not  very  remote  from  that  seen  in  some 
abactinal  parts  of  the  ambulacra  of  species  of  Pedina. 

Genus  Diplopodia,  McCoy. 

Small  immature  specimens  of  such  types  as  Pseudodiadema  versi- 
para  show  a  doubling  of  the  pairs  of  pores  near  the  apex  unhke  the 
condition  which  prevails  in  small  specimens  of  the  true  Pseudo- 
diadema^  which  are  unigeminal.  This  species,  according  to  the 
principles  which  govern  the  classification  of  the  recent  Echinoidea, 
cannot  remain  in  the  genus  Psettdodiadema,  and  must  come  within 
Dij^lopodia. 

Other  forms  are  said  to  become  diplopodous  only  at  adult  age,  and 
this  has  been  considered  a  sufficient  reason  for  not  placing  them  out  of 
the  genus  Pseudodiadema ;  but  it  was  forgotten  by  the  adopters  of 
this  reasoning  that  zoologists  must  consider  the  adult  development 
of  a  form,  and  not  its  immature  condition.  A  form  with  bigeminal 
pairs  of  pores  in  the  upper  part  of  the  ambulacra  is  a  Diplopodia  ; 
and  as  yet  I  must  confess  not  to  have  been  able  to  recognize  any 
forms  about  to  become  diplopodous.  We  can  only  deal  with  absolute 
facts,  and  not  with  presumptions. 

The  question  arises,  leaving  out  the  bigeminal  nature  of  the  pairs. 
Are  the  other  generic  characters  sufficient  to  separate  Diplopodia 
from  Pseudodiadema^ 

It  appears  that  the  diplopodous  condition  near  the  apex  is  accom- 
panied by  crowding  and  doubling  of  the  pores  near  the  peristome, 
and,  as  a  rule,  by  some  departure  of  the  pairs  of  pores  in  plates  at 
the  ambitus  from  a  regular  line  or  arc. 

Moreover,  the  structure  of  the  part  of  the  ambulacra  near  the 
radial  plates  differs  in  the  diplopodous  series  from  that  seen  in  the 
true  Pseudodiadema.  There  is  not  that  blending  of  the  small  plates 
into  compound  ones  which  is  a  character  of  Pseudodiadema, 

When  there  is  such  a  combination  as  in  Diplopodia  Roissyi,  Gott. 
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(Echinides  da  Depart,  de  la  Sarthe,  par  Cottean  et  Triger,  1859, 
plate  xxxiv.  fig.  5),  tho  propriety  of  calling  the  species  a  Diphpodia 
is  doubtful ;  for  the  pairs  of  pores  resemble  in  their  arrangement 
those  of  Pedina. 

The  genns  Cyphosoma,  Agass.,  is  characterized  by  the  doubling  of 
the  pairs  of  pores  near  the  apex ;  and  this  character  is  certainly 
developed  with  var}'ing  age  according  to  the  species.  But  the  adolti 
have  the  character,  and  the  forms  which  are  without  it  are  placed  in 
the  genus  Coptosoma,  Desor.  The  alL'ance  of  Cyphosoma  to  the 
Pseudodiadema^growp  is  evident  from  the  common  external  characters, 
and  there  are  points  in  the  structure  of  the  ambulacra  which  unite 
the  genera  and  at  the  same  time  refer  to  the  TriplechinidsB. 

DiPLOPoniA  VERsiPORA,  Phill.y  sp.,  non  Diplopodia  stdningularitf 
McCoy. 

This  species,  usually  attributed  to  Pseudodiadema^  is  very  familiar 
to  the  students  of  the  fossils  of  the  Coralline  Oolite,  and  it  has  been 
figured  by  Dr.  Wright  (op.  cit.  plate  vii.  fig.  4). 

The  nature  of  the  construction  of  the  ambulacra  has  not  be^ 
given,  except  in  a  general  manner. 

The  diplopodous  condition  of  the  pairs  of  pores  is  well  worthy 
of  study,  and  it  can  be  examined  in  a  specimen  in  my  possession. 

Taking  one  of  the  zones  of  an  ambulacrum,  it  is  seen  that  the 
first  plate  next  to  and  in  contact  with  the  radial  plate  is  a  low  and 
narrow  primary,  with  the  adoral  pore  close  to  the  median  line  of 
the  ambulacrum,  and  the  aboral  placed  obliquely  to  it,  the  fiistr 
mentioned  pore  being  also  on  the  line  of  suture  between  the  first  and 
second  plates  (fig.  18).     The  second  plate  is  at  least  twice  the  aixe  of 

Fig.  18  (see  p.  452). 

n1 


the  other,  is  slightly  higher  and  much  broader,  and  the  adoral 
pore  reaches  the  suture  between  this  and  the  third  plate,  being 
placed  almost  directly  actinally  to  the  aboral  pore  of  the  first 
plate.  The  aboral  pore  is  far  out  of  the  vertical  line  of  tiie  ccnre- 
Bponding  pore  of  the  first  plate.  Both  of  the  plates  are  primtnes, 
and  do  not  form  a  compound  plate.  The  third  plate  is  high  at  the 
median  line  and  very  low  at  the  ambulacro-interradial  suture ;  the 
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fiboral  edge  is  transverse,  and  the  actinal  is  oblique  ^m  the  median 
upwards  and  outwards.  The  pair  of  pores  is  decidedly  oblique,  and 
the  aboral  pore  is  on  a  vertical  line  with  the  adoral  pore  of  the 
second  plate. 

Plate  four  is  a  primary  with  a  large  expansion  in  the  poriferous 
part  and  a  very  low  and  almost  linear  interporiferous  area. 

Its  pair  of  pores  are  nearer  the  interradium  than  those  of  plate 
three.  Plate  five  is  a  primary,  its  shape  is  irregularly  rectangular, 
and  it  is  larger  than  any  of  the  plates  noticed ;  the  pair  of  pores  can 
hardly  be  said  to  be  one  of  the  inner  set,  and  there  is  a  small 
tubercle  close  to  the  median  line. 

Following  the  rule  which  has  been  observed  in  recent  forms,  this 
tubercle,  b^ng  bound  to  grow  in  all  directions,  prevented  the  adoral 
growth  of  the  plate  immediately  above. 

Plate  six  is  low  externally  and  higher  somewhat  towards  the 
median  line.  Its  pair  of  pores  are  in  a  peripodium,  and  they  belong 
to  the  inner  row.  Plate  seven,  also  a  primary,  is  largest  close  to  the 
interradial  edge,  where  the  pair  of  pores  are,  and  it  is  almost  linear 
towards  the  median  line.  It  is  decidedly  broader  than  the  other 
plates  hitherto  noticed ;  and  indeed  every  plate  in  this  region  becomes 
broader  as  the  distance  from  the  radial  plate  is  increased. 

This  plate  is  one  of  the  outer  set. 

Plate  eight  is  very  low  externally,  swells  at  the  peripodium,  and 
is  higher  at  the  median  line ;  its  pair  of  pores  belong  to  the  inner 
series.  Plates  ten,  twelve,  and  fourteen  belong  to  the  same  series 
as  plate  eight,  and  are  formed  after  the  same  plan ;  they  are  all  pri- 
maries, and  have  low  and  almost  linear  outer  parts ;  the  pores  belong 
to  the  inner  set  and  the  plates  are  highest  at  the  median  Kne.  On  the 
other  hand  the  plates  nine,  eleven,  thirteen,  and  fifteen  are  upon  the 
same  type  as  plate  seven,  and  belong  to  the  outer  series,  with  low 
find  linear  portions  near  the  median  line  and  enlarged  poriferous 
sones. 

In  a  young  specimen  the  alternation  of  different-sized  plates,  all 
of  which  are  primaries,  extends  at  least  to  the  twrenty-fourth  plate. 
Then  the  primaries  become  combined  into  a  compound  plate,  some 
being  blocked  out,  however,  from  the  median  line  and  becoming 
dcmi-plates.  This  condition  is  seen  in  adult  as  well  as  in  yomig 
specimens,  and  just  where  the  bigeminal  pores  begin  to  diminish 
and  to  be  replaced  by  simple  pairs. 

The  first  compound  plate  is  a  tubercle-bearing  one  in  the  specimen 
under  examination ;  there  are  four  pairs  of  pores  belonging  to 
it  and  they  are  in  double  series  (fig.  19).  (The  upper  two  pairs  do 
not  belong  to  the  plate.) 

Fig.  19  (see  p.  462). 
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The  aboral  pair,  a,  like  the  others,  is  oblique  and  in  a  peripodiimi. 
It  belongs  to  the  inner  series,  and  is  separated  from  the  intemdiil 
suture  by  a  rather  largo  space,  which  is  ornamented.  The  adonl 
pore  of  the  pair  is  on  the  line  of  suture  between  the  poriferous  plate 
and  the  next  in  adoral  succession,  and  the  suture  is  curved  witb  the 
convexity  adoral,  so  as  to  reach  the  flank  of  the  boss  and  thence 
to  pass  inwards  and  aborally,  to  the  median  line,  and  dose  to  the 
aboral  angle  of  the  geometrical  compound  plate.  This  plate,  with 
the  aboral  pair  of  pores,  is  of  the  Diadema-^ha,^  ;  but  the  pores  are 
remoter  from  the  interradium  than  is  the  case  in  the  genus  Pkudo- 
diadema. 

The  next  pair  of  pores,  5,  placed  aetinally,  is  dose  to  the  inter- 
radium, belongs  to  the  outer  set,  and  is  in  a  peripodium.  The  plate 
is  nipped  in  just  adorally  to  the  position  of  the  first  pair,  and  it  then 
expands  so  as  to  include  the  mamelon  and  much  of  the  boss  and  fonn 
the  greater  part  of  the  compound  plate  near  the  median  line. 

The  adoral  pore  of  the  pair  is  in  contact  with  the  suture  at  the 
edge  of  the  plate  below,  which  is  curved  with  the  convexity  aboral, 
and  the  suture  reaches  the  median  line  slightly  aboraUy  to  the 
actinal  angle  of  the  compound  plate.  This  suture  is  the  limit  of 
the  third  plate,  c,  of  the  combination,  and  this  has  its  pair  of  pores 
forming  part  of  the  inner  series.  The  adoral  pore  of  the  plate  {e)  i» 
on  the  transverse  suture  placed  actinally  to  the  compound  plate. 
Finally  the  actinally  placed  plate,  (f,  is  a  demi-plate  which  may  seem 
to  have  nothing  to  do  with  the  combination ;  but  it  forms  a  small 
portion  of  it,  and  the  pair  of  pores  belongs  to  the  outer  series. 
The  plate  does  not  reach  further  towards  the  median  line  than  the 
position  of  the  adoral  pore  of  the  pair  of  the  third  primaiy  plate. 
There  is  no  doubt  that  such  a  combination  is  not  found  in  the 
genera  Diadema  and  Pseudodiadema. 

Nearer  the  ambitus,  or  at  that  spot,  tlie  usual  number  of  pairs  of 
pores  to  a  compound  plate  is  four,  the  line  of  the  pairs  is  simple,  and 
the  distribution  of  the  composing  plates  is  as  in  the  spedes  of 
Hemicidaris,  that  is,  there  are  four  primaries,  of  which  the  third 
is  the  largest  (fig.  20). 

Fig.  20  (see  p.  452). 


In  some  plates,  however,  there  is  a^  demi-plate ;  and  tfaen 
the  structure  rather  recalls  the  compound  platee^^of  the  Ftow^ 
diadtmata. 

The  doubling  of  the  pairs  of  pores  towards  the  periatome  is 
almost  a  copy  of  that  seen  near  the  radial  plate ;  there  is  oo  addition 
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of  new  plates,  and  the  triplets  are  all  reducible  to  their  normal 
position  from  which  growth-pressure  has  forced  them,  on  the 
principle  elaborated  in  the  instance  of  8tr<mgylocentrotu8  &c. 

In  very  young  examples  of  Diphpodia  versipora  the  doubling  of 
the  apical  pores  is  seen,  and  the  large  compound  plates  are  of  the 
Diadema-type. 

In  Diphpodia  Malhosii,  Desor,  of  Cretaceous  age,  the  replace- 
ment of  the  ordinary  demi-plate  of  the  ambital  plates  by  a  low 
and  curved  primary  is  not  uncommon,  and  both  conditions  may  be 
seen  in  the  same  ambulacrum  (fig.  21). 

Fig.  21  (see  p.  452). 


Genus  Gtphosoica,  Agass. 

The  genus  Cyphosoma  is  diplopodous ;  but  the  structure  of  the 
ambulacra  is  different  from  that  in  Pseudodiadema  and  Diplopodia. 
Many  of  the  species  are  polypores,  and  four,  five,  or  six  plates  may 
enter  into  the  construction  of  a  compound  and  tubercle-bearing 
plate.  Cyphosoma  Kdniffi  is  a  very  good  example,  and  well- 
weathered  specimens  are  common.  They  frequently  show  the  line 
of  partition  between  the  component  plates  of  the  compound  ones,  or 
rather  the  lines  may  be  distinctly  seen  passing  from  the  adoral  pores 
of  the  oblique  peripodia  up  the  boss,  and  more  or  less  obliquely 
towards  the  mamelon.  In  the  majority  of  specimens  two  sutural 
lines  are  seen  on  the  flank  of  the  boss  which  is  opposite  the 
peripodia  and  near  the  median  line  of  the  ambulacrum  (^g.  22), 
These  are  perfectly  visible  in  most  cases.     See  figs.  22-25. 

Pig.  22  (see  p.  452). 


One  of  these,  that  actinally  situate,  is  seen  to  come  from  the 
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adoral  and  inner  shoulder  of  the  crenulation  on  the  boss,  and  to  pass 
obliquely  actinally  and  towards  the  median  line  of  the  ambulacrum. 

The  line  forms  an  arch,  the  chord  of  which  is  the  transverse 
suture  at  the  actinal  edge  of  the  compound  plate.  The  other  line 
starts  from  the  abactinal  and  inner  shoulder  of  the  crenulation, 
and  passes  obliquely  abactinally  and  towards  the  median  line. 

Both  of  these  well-marked  lines  are  sutural,  are  between  certain 
plates,  and  they  both  reach  the  median  or  vertical  suture  of  the 
compound  plates.  The  adorally  situated  line  is  the  aboral  limit 
of  a  primary  plate,  just  as  the  aboral  line  is  the  limit  of  the 
aboral  primary  plate  of  the  combination.  A  line  can  be  traced  from 
the  first  (the  most  abactinal)  peripodium  of  the  compound  plate  to 
the  part  of  the  crenulation  at  the  aboral  and  outer  shoulder  of  the 
boss ;  and  there  is  little  doubt  of  the  continuity  along  the  abactinal 
edge  of  the  mamelon  of  the  whole  actinal  line.  The  last  peripodium 
but  one  of  the  compound  plate,  counting  from  the  abactinal  peri- 
podium, has  a  line  passing  from  the  adoral  pore  obliquely  inwaids 
and  towards  the  nearest  shoulder  of  the  boss,  and  this  corresponds 
with  the  aboral  edge  of  the  actinal  primary  plate  of  the  combina- 
tion. Hence  there  is  an  adoral  primary  with  a  bent  or  curved  edge, 
and  there  is  also  a  similar  actinal  primary.  There  is  also  a  middle 
primary,  the  direction  of  the  arching  of  the  plates  being  opposite. 

In  the  compound  plates  with  six  peripoidia  there  is  an  aboral 
primary,  an  adoral  primary,  and  there  are  also  lines  of  suture 
passing  to  the  base  of  the  mamelon  from  the  2nd,  3rd,  &  4th  peripodia 
(besides  those  from  1  &  5).  But,  as  in  the  instances  of  the  com- 
pound plate  with  five  peripodia,  there  are  no  signs  of  sutural  lines 
passing  down  the  inner  flank  of  the  boss  corresponding  to  the  2nd, 
3rd,  &  4th  lines  on  the  outer  or  interradial  side. 

There  are,  then,  three  demi-plates  to  the  compound  plates  with 
six  peripodia,  and  therefore  there  is  a  third  primary  plate,  as  there 
must  also  be  in  the  combination  with  five  peripodia. 

The  position  of  the  third  primary  is  readily  made  out  on  the  part 
of  the  tubercle-bearing  plate  near  the  median  line,  for  it  must  r^ate 
to  the  expansion  that  exists  between  the  inner  ends  of  the  aboral  and 
adoral  plates.  But  its  position  near  the  peripodia  is  a  matter  of 
doubt,  in  consequence  of  the  homogeneous  condition  of  the  mamelon. 
The  direction  of  the  part  of  the  plates  dose  to  the  peripodia  ia, 
however,  a  somewhat  correct  guide  where  to  look  for  the  primary 
between  the  others.  Certainly  the  first  pair  of  pores  is  in  relation 
to  the  aboral  primary,  and  it  is  dear  that  the  second  pair  is  in  a  demi- 
plate.  In  most  plates  the  narrow  part  between  the  demi-plate  jnrt 
noticed  and  the  next  line  in  adoral  succession,  passes  eiUier  directly 
transversely  or  slightly  actinaUy  and  towards  the  boss,  and  it  is  this 
direction  which  opens  out  two  possibilities  regarding  ike  position  d 
the  middle  primary. 

In  the  compound  plates  with  five  component  plates,  the  peripodia 
(fig.  23,  nos.  1,  2,  3,  4)  have  sutural  lines  represented  by  grooves 
passing  from  their  adoral  pores  to  the  mamelon,  but  not  so  the  fifth. 
Of  these  lines,  nos.  2  &  3  pass  up  the  boss  to  the  cienulated  groove 
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and  are  then  lost  at  the  very  base  of  the  large  imperforate  mameloiir 
The  lines  converge,  and  as  the  other  lines  of  union  of  the  plates 
no8.  1  &  4  already  mentioned  also  converge,  a  very  marked  feature 
results ;  but  there  are  no  lines  in  continuation  of  those  numbered 
2  &  3  to  be  seen  on  the  part  of  the  tubercle  near  the  median  line 
and  between  the  two  very  distinct  lines  already  noticed.  Conse- 
qaently  there  must  be  at  least  two  demi-plates,  also  the  aboral  and 
adoral  primary  plates,  besides  a  middle  primary. 

Fig.  23  (see  p.  452). 


There  is  sometimes  an  appearance  in  compound  plates  consisting 
of  five  plates,  as  if  the  third  plate  from  the  abactinal  edge  were  the 
middle  primary  (fig.  23).  The  fourth  plate  appears  to  be  a  demi- 
plate  which  joins  on  to  the  fifth  or  the  adoral  primary. 

This  arraDgement  would  be  very  exceptional  amongst  forms  of 
Echinoidea  with  many  demi-plates ;  nevertheless  the  position  of  the 
middle  primary  would  be  that  seen  in  the  DiadematidaB  of  the 
recent  fauna,  with  the  addition  of  a  demi-plate  placed  aborally  and 
adoraUy  to  the  middle  plate. 

It  is  also  to  be  remembered  that  Alex.  Agassiz  gives  a  diagram  of 
Phymosoma  {Cyphosoma)  crenulare^  Agass.,  in  the  *  Be  vision  of  the 
Echini/  plate  vi.  fig.  2,  in  which  the  middle  primary  has  a  demi-plate 
on  either  side  of  it,  and  the  arrangement  is  the  same  as  that  now 
under  consideration,  fiut  the  species  mentioned  by  Agassiz  is  not  a 
Cyphosoma,  for  the  abactinal  pores  are  not  diplopodous ;  the  form 
must  come  within  a  new  genus. 

This  diplopodous  condition  of  the  pores  must  be  considered  in 
investigating  the  formation  of  the  ambulacral  compound  plates. 
.    In  a  specimen  of  Cyphosoma  Konigiy  Mant.,  there  is  a  compound 
plate  higher  than  the  ambitus,  in  which  the  diplopodous  condition 
lingers  on,  and  there  are  three  double  sets  of  pores  (^g.  24). 

Fig.  24  (see  p.  452). 


The  rule  is  followed  in  the  compound  plate,  with  regard  to  the 
succession  of  the  pairs,  which  prev^s  more  abactinally  and  where 
the  double  sets  are  not  united  in  compoimd  plates.  The  outer  pairs 
of  pores  are  in  plates  which  are  crushed  and  crowded  out  from  the 
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median  line  of  the  ambulacrum  by  the  growth  of  the  inner  set 
Plate  1  of  the  compound  is  in  relation  to  an  inner  pair  of  pores  and 
it  is  the  aboral  primary.  Plate  2  is  one  of  the  outer  set  and  it  is  a 
demi-plate  which  only  reaches  a  very  slight  distance  from  the  pair 
of  pores.  Plate  3  is  in  relation  to  an  inner  set  of  pores,  and  it  is 
larger  than  the  last,  but  still  it  does  not  reach  the  median  line ;  it 
is  a  large  demi-plate.  Plate  4  is  a  small  demi-plate  and  it  belongs  to 
the  outer  series  of  poriferous  plates.  Plate  5  is  one  of  the  inner  series 
and  is  a  large  primary,  the  middle  one  of  the  three  primaries. 
Plate  6  is  one  of  the  outer  set  and  is  a  large  demi-plate  or  posdbly 
a  primary.  It  is  of  the  usual  shape  of  the  adoral  primary  in  com- 
pound plates  situated  lower  down. 

In  a  compound  plate  with  six  plates,  in  Dr.  Wrighf  s  eoUectioii, 
of  which  I  took  a  diagram  (fig.  25),  there  is  little  doubt  that  the  diplo- 

Fig.  25  (see  p.  452). 


podous  condition  must  be  considered  as  really  affecting  the  relatiTe 
dimensions  of  the  plates.  In  the  specimen  (0,  Konigi)  the  existence 
of  an  adoral  and  aboral  primary  is  evident,  and  tJiiere  is  a  large 
middle  primary ;  but  it  is  in  relation  to  the  fifth  pair  of  pores.  The 
second,  third,  and  fourth  plates  are  demi>plates,  and  are  arranged 
after  the  fashion  of  Strongyhcentrotus,  as  described  by  Lov^n.  T\as 
is  the  same  arrangement  as  is  seen  in  the  diplopodous  compound 
plate. 

Under  the  circumstances  the  Cyphosomoid  type  of  ambulaennn 
differs  from  the  Diad^ma-type  in  its  simplest  expression,  and  sIbo 
firom  the  diplopodous  type  exemplified  in  Diplopodia  verstpora. 

The  C3rphosomoid  type  may  be  said  to  unite  the  Diadematoid  and 
the  Echinoid  types. 

rV.  Conclusions  relatino  to  the  types  op  Avbulacbi. 

It  may  be  now  assumed  from  the  results  of  former  obeervatioos, 
and  firom  the  consideration  of  the  structures  noticed  in  this  essay, 
that  there  are  certain  well-defined  types  of  ambulacra  in  the  regular 
Eohinoidea. 

1.  The  Cidaroid  type.  All  the  plates  of  the  ambulacra  are 
primaries,  and  they  do  not  combine  to  form  compound  plates. 

2.  The  DiAdematoid  type.  The  newest  plates  are  primaries,  and 
at  greater  or  less  distance  from  the  ambitus  three  primaries  unite  to 
form  a  compound  plate,  the  middle  plate  of  the  three  being  the  laigest 
(Joum.  linn.  Soc  ZooL  vol.  xix.  p.  95,  1885.) 

3.  The  Arbaoioid  type.  The  newest  plates  are  primaries,  and  at 
varying  distances  from  the  ambitus  three  primaries  unite  to  foim  a 
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compound  plate,  the  middle  plate  being  the  largest,  and  the  two 
others  are  smaller  and  become  demi-plates  in  consequence  of  the 
growth-pressure  exercised  by  the  great  tubercle  of  the  compound 
plate.     (Joum.  linn.  Soc.  Zool.  voL  xix.  p.  25,  1885.) 

4.  The  Echinoid  type.  This  has  primaries  near  the  radial  plate 
and  then  compound  plates  are  seen  of  three  or  more  plates  combined. 

The  middle  plates  are  demi-plates  and  the  primaries  are  aboral 
and  adoral,  or  all  the  aboral  plates  may  be  demi-plates.  (Lov^n, 
£tudes,  and  Monogr.  of  the  Fossil  Echinoidea  of  Sind,  Fasc.  Gaj 
Series,  Pal.  Indica,  Ser.  xiv.  1885,  Duncan  &  Sladen,  Hipponoe.) 

5.  The  Cyphosomoid  type.  This  unites  the  Echinoid,  the  Diade- 
matoid,  and  the  next  or  diplopodous  type. 

6.  The  Diplopodous  type.  The  primaries  near  the  radial  plates 
are,  in  young  forms  as  well  as  in  the  adults,  arranged  in  a  double 
row ;  and  this  condition  reaches  to  a  greater  or  less  distance  towards 
the  ambitus  or  even  to  the  peristome.  There  is  great  diminution  of 
the  height  or  absorption  of  the  non-poriferous  parts  of  some  plates. 

It  is  evident  that  while  the  Cidaroid  type  never  varies,  the 
Diadematoid  and  Arbacioid  types  tend  to  the  Echinoid  type  in  some 
instances  on  account  of  the  formation  of  one  or  more  demi-plates  in 
a  compound  plate. 

It  is  also  interesting  to  notice  that  the  Arbaoioids,  which  came 
later  in  time  than  the  \DiadematidsQ,  have  the  usual  simple  Cidaroid 
arrangement  in  the  young  plates  near  the  radial  plate,  and  at  some 
distance  down  a  plate  or  two  on  the  Diadematoid  type.  Then  come 
the  true  Arbacioid  compound  plates. 

The  demi-plate  came  in  with  the  Psmdodiademata,  and  became  of 
importance  in  the  construction  of  the  compound  plates  of  Coelo- 
pleurus  and  the  later  genera  of  Arbacioids. 

Finally  the  differences  in  the  construction  of  the  ambulacra 
necessitate  the  separation  of  the  genera  Plesiodiadema  and  DipJo- 
podia  from  Pseudodiadema, 

The  only  notice  that  I  have  been  able  to  discover  of  the  re- 
markable disposition  of  the  plates  of  the  DiadematidsB  is  in  the 
description  of  Heterodiadema  ouremense  by  De  Loriol  (Becueil  Zool. 
Suisse,  t.  i.  no.  4,  Sept  1884,  p.  626).  There  is  a  drawing  given 
and  a  description  of  the  triple  plate,  and  they  conform  to  the  type 
of  the  true  Diademata.  I  did  not  see  this  communication  of  M.  de 
Loriol  until  the  essay  I  have  read  before  the  Geological  Society  was 
completed.  Cotteau  gives  indications  of  some  sutures  in  many  of 
his  plates  on  the  Echinoidea,  but  he  does  not  describe  the  sutures  or 
pay  attention  to  them. 

DBSOEIPTION  OF  THB  FIGUEES  IN  THE  TEXT. 

Fig.  1.  Two  compound  plates  of  StrongylocenirotiM^  after  Lov^n  (p.  421). 

2.  A  oompound  plate  of  Hemipedina  Jardini,  Wright  (p.  423). 

3.  A  compound  plate  of  Hemipedina  marchamensis,  Wright  (p.  424). 

4.  A  compound  plate  of  Hemipedina  ivberculosa,  Wright  (p.  425). 

5.  Part  of  the  ambulacrum  near  the  ambitus  of  Jrseudodiadema  hemi' 

spharicum,  Lamk.  (p.  428). 
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Fig.  6.  A  compound  plate  with  a  demi-plate  of  the  same  form  (p.  429). 

7.  Two  compounil  plates  of  Paeudodiadema  depresswrt^  Tar.  (p.  490). 

8.  Two  compound  plates  at  the  ambitus  of  Plesnodiadema  Aficielini,  Agtn., 

showing  the  numerous  primary  plates  (to.  431). 

9.  A  diagram  of  four  compound  plates  of  Pedina  SmitkL    a.  Primaiy 

plates,  b&c also  primaries,    of  ke'  are  demi-pUtet (p.  433). 

10.  A  single  primary  of  Hemicidaris  intermedia  (p.  4o7). 

11.  More  or  less  deformed  primaries  (p.  438). 

12.  The  first  compound  plate  from  the  union  of  two  primaries,  a  third  and 

ununited  primary  being  beneath  (p.  438). 

13.  Two  compound  pLatee  m.  Hemicidaria  cremtlaris.    The  lower  date 

carries  a  great  tubercle.    Amb.  iii.  (Brit.  Mus.  No.  24122)  (p.  ^). 

14.  Two  compound  plates  of  HemiMdaria  crenularia  (p.  440). 

15.  Two  compound  plates  of  Hemicidarii  intermedia :  the  adond  plate  of 

the  upper  series  has  been  formed  into  a  demi-plate  by  growth- 
pressure,  and  now  forms  a  part  of  tbe  lower  plate  (p.  442). 

16.  A  plate  of  Henucidaris  granulosa,  showing  affinities  witn  Pleticdiadewm 

(p.  442). 

17.  The  first  triplet  of  a  specimen  of  Hemicidaris  (p.  443). 

18.  The  ambulacrum  near  the  radial  end  of  Diplopodia  veraipora  (p.  444). 

19.  A  compound  plate  of  Diphpodia  veraipora,  showing  the  perautenes  of 

the  diplopodous  arrangement  (p.  445). 

20.  A  compound  plate  of  the  same  8X)ecies  with  a  low  primary  plata  (p.  446). 

21.  Two  plates  of  Diplopodia  Malbomi,  Desor.    In  tne  actinal  there  is  ths 

arrangement  of  Pladodiadema,  and  in  the  other  that  of  the  Liasoe 
Diadematidse  (p.  447). 

22.  A  compoimd  plate  of  Cyphoaoma  Kimigi,  Mant,  with  six  plates  showing 

the  numerous  sutural  lines  on  the  poriferous  side  and  the  two  linsi 
towards  the  vertical  suture  (p.  447). 

23.  A  compound  plate  of  the  same  species  with  fiye  plates  and  the  satoial 

lines  (p.  449). 

24.  A  compound  plate  from  the  same  sperimen  showing  the  relics  of  ths 

diplopodous  arrangement,  and  indicating  the  alternation  of  large 
and  small  plates  and  the  direction  of  the  sutures  (p.  449). 

25.  A  diagram  of  the  plates  and  sutures  in  a  specimen  of  CyphoaomM 

Kimigi,  in  the  collection  of  the  late  Dr.  Wright,  P.B.S.  (p.  450). 

All  these  figures  are  magnified  and  more  or  less  diagrammatic  copies  firoD 
nature. 

DiBCUBSioir. 

Mr.  W.  PxRCT  Sladek  spoke  of  the  importance  of  this  oommuni' 
cation,  both  on  account  of  its  explaining  points  which  were  little 
known  and  for  its  bearing  on  classification .  A.  Agassiz  and  Lor^  hare 
cleared  up  some  of  the  difficulties  in  the  classification  of  the  regular 
Echinoids,  but  probably  this  contribution  to  the  questi<m  would 
proTO  of  still  more  importance.  He  had  himself  had  the  opportunity 
of  following  and  confirming  Dr.  Duncan*s  observations,  and  expressed 
the  strongest  conviction  that  the  stnictures  indicated  would  shortly 
be  shown  to  be  of  higher  importance  from  a  morphological  point  (^ 
view  than  had  hitherto  been  supposed. 

Prof.  8eelet  said  that  it  seemed  to  him  that  this  was  a  most 
important  contribution  to  zoological  palaeontology,  and  its  importance 
would  be  more  clearly  seen  as  its  bearings  on  classification  and 
evolution  were  traced  out.  It  showed  the  efifects  through  genera- 
tions of  crushing  upon  the  characters  of  the  ambulacral  plates.  The 
question  then  arises:  As  the  plates  are  crushed  tog^^r,  forced 
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downwards  and  partly  absorbed  by  pressure,  why  do  they  group  into 
certain  definite  associations  of  plates  and  half-plates  ?  Prof.  Seeley 
had  for  many  years  had  the  opportunity  of  studying  what  had  been 
written  upon  this  subject,  and  he  thought  that  much  light  had  been 
thrown  upon  it  by  this  paper.  He  believed  the  growth  of  the  inter- 
ambulacral  plates  had  much  influence  on  the  form  of  the  compound 
plates  of  the  ambulacral  areas. 

Dr.  MuRiE  considered  that  the  paper  was  of  great  value  from  its 
recognition  of  physiological  facts,  and  its  indication  of  their  bearing 
upon  the  theory  of  the  evolution  of  organized  forms. 

Mr.  Etheridgb  called  attention  to  the  work  of  Dr.  Wright  on  the 
characters  furnished  by  the  ambulacra  in  the  study  of  the  regular 
Echinoidea,  and  showed  that  Dr.  Duncan's  contribution  had  brought 
into  view  the  value  of  those  investigations.  The  ambulacra  were  of 
vast  importance  in  classification,  and  they  were  most  difficult  to 
examine.     Lov^n's  work,  too,  was  of  very  great  importance. 

The  Atjthor,  in  reply,  said  that  he  had  been  much  indebted  to 
Loven's  investigations.  Doubtless  the  action  of  growth-pressure  which 
he  had  referred  to  as  "  crushing,"  resulted  in  part  in  producing  geo- 
metrical figures,  the  interambulacra  acting  as  "  buffers"  to  the  ambu- 
lacral plates.  The  gradual  formation  of  more  complicated  types 
was  very  interesting.  The  increase  in  the  number  of  pores  above 
the  ambitus  in  the  recent  Diadematidse  certainly  meant  increase  in 
power  of  respiration. 


Q.J.G.S.  No.  163.  2^     r-  T 
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32.  Eyidence  of  the  Action  of  Land-Ice  at  Gbsat  Crosby,  Laitci- 
8HIRB.  By  T.  Mellard  Rbade,  Esq.,  C.E.,  F.G.S.  (Read 
May  13,  1885.) 

(Abridged.) 

In  previous  papers*  I  have  described  a  deposit  of  rabbb-debria 
and  red  sand  lying  on  the  Triassic  rocks  and  underlying  the  Low- 
level  Boulder- clay  and  sands  in  the  neighbourhood  of  Liverpool, 
which  I  suggested  was  due  to  the  grinding  and  crushing  action  of 
land-ice.  I  also  pointed  out  that  where  this  deposit  did  not  occar, 
the  rocks,  as  is  well  known,  are  usually  polished,  grooved,  and  striatei 
Until  lately  no  opportunity  has  occurred  of  testing  the  validity  of 
this  view  by  reference  to  any  other  than  sandstone  rock  that  sach 
land-ice  may  have  moved  over  t. 

In  October  1884  I  described,  in  the  ^  Geological  Magazine/  a 
section  of  Keuper  marls  at  Great  Crosby  previously  unknown,  and 
since  then  I  have  made  frequent  observations  of  the  upper  part  of  the 
marls  in  relation  to  the  Low-level  Boulder-clay  that  overlies  them. 

From  time  to  time  as  the  excavations  have  proceeded,  it  became 
clearly  apparent  that  the  upper  part  of  the  marls  had  been  from 
some  cause  or  other  much  disturbed.  There  were  imbedded  in  it 
large  angular  and  sometimes  nearly  square  blocks  of  sandstone. 
These  were  not  merely  pressed  into  the  surface,  but  actually 
imbedded  in  the  marl  at  all  angles.  In  the  undisturbed  marls  are 
well-defined  bands  of  a  harder  nature,  and  one  of  tliese  bands  was 
at  one  place  broken  up  and  contorted,  the  fragments  displaced,  and 
irregularly  forced  into  and  amongst  the  worked-up  softer  marls  ox 
shales  (see  fig.  p.  455).  This  was  very  striking,  as  the  band  con- 
tinued in  an  undisturbed  condition  towards  the  south-west  t* 

As  fresh  faces  were  disclosed  by  the  progress  of  the  excavations, 
it  could  be  distinctly  seen  that  in  some  cases  the  upper  soft  fissile 
marls  had  been  forced  up  into  contortions.  The  thiclmess  of  the  dis- 
turbed bed  was  from  3  to  4  feet. 

The  imbedded  sandstone  blocks  were  of  two  kinds :  one  a  very  fine- 
grained grey  rock  slightly  micaceous ;  the  other  composed  of  coarsely 
rounded  grains,  mostly  quartzose.  They  are  evidently  sandstones 
belonging  to  the  Keuper  series,  though  not  found  in  this  pit  in  fi^ 
Neither  are  they  exactly  like  any  of  the  Lower  Keuper  sandstone 
beds  found  in  the  quarry  at  Little  Crosby,  about  one  mile  and  a  half 
to  the  north-west.  I  am  of  opinion  that  they  belong  to  beds  under- 
lying those  at  the  bottom  of  the  pit,  which  at  the  north-east  side 
approach  in  structure  the  coarser  of  the  two  sandstones. 

*  *'  Drift  deposits  of  the  N.W.  of  England,"  Quart  Journ.  G«oL  Soc  roL 
xzx.  p.  27 ;  and  vol.  xixix.  p.  122. 

t  Mr.  Strahan,  in  his  Survey  memoir  of  the  '  Geology  of  the  Country  sround 
Ohester/  1882,  says  **  There  is  evidence  of  the  passage  of  a  heavy  body  otst  ths 
ground  in  the  crushing  and  drawing  out  of  soft  beds  as  if  by  pressure'  (p.  29). 

I  The  contortion  of  the  beds  below  the  eroded  line  in  the  section  I  consider 
to  be  doe  to  earth  movements. 
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It  was  not  until  several  examinations  were  made  that  I  was  able 
to  discover  any  striations  on  the  imbedded  sandstone.  At  last  I 
detected  them  on  a  block  measuring  4  ft.  x  2  ft.  10  in.  x  1  ft.  9  in. 
in  extreme  dimensions.  On  washing  the  marly  day  off  the  face, 
very  good  parallel  groovings  were  disdosed,  runmng  along  the  plane 
of  bedding  and  the  longer  axis.  With  this  clue  I  soon  saw  that 
the  undersides  of  most  of  the  stones  were  polished  smooth,  and  others 
irregularly  scratched. 

Section  at  Mowhrey  Brick  and  Tile  WorJcSy  Cheat  Crosby, 


a,  a.  Grey  sholy  Eeuper  marL  b.  Hard  band  in  Eeuper  marl  broken  off  at  h\ 
"  b",  b".  Fragments  of  hard  band,  6,  scattered  tbrough  and  imbedded  in 
the  **  kneaded-up  "  marl,  c,  o.  **  Kneaded-up  "  mar),  that  is  the  Keuper 
marl  or  shale,  worked-up  into  a  grey  clay,  d,  d.  Blocks  of  sandstone, 
some  fine-grained  and  strong,  others  coarser  in  grain  and  often  smoothed 
and  striated,  in  one  instance  strongly  fluted,  e.  Half-imbedded  block 
/.  Low-leyel  Boulder-clay  (marine),  containing  far-traTeUed  erratics  and 
broken  marine  shells  (brown  in  colour). 

Specimens  of  the  undisturbed  marl  and  the  kneaded-up  marl 
were  sent  to  Mr.  David  Eobertson,  E.G.S.,  who  kindly  examined 
them  microscopically.  No  organisms  were  found  in  either,  and  they 
were  practically  of  the  same  constitution.  No  far-travelled  erratics, 
nor  any  stones  or  material  that  could  not  be  referred  to  the  Keuper 
formation  could  be  found  in  the  kneaded-up  marl.  Even  the  half-> 
imbedded  stones  were,  in  all  cases  that  I  have  seen,  Keuper  sand- 
stones. The  true  erratics  are  confined  to  the  overlying  Low-level 
Boulder-clay.  This  clay  is  so  distinctive  a  deposit  that  it  is  only 
necessary  to  say  that  here  as  elsewhere  it  contains  fragments  of 
marine  shells,  and  is  undoubtedly  of  aqueous  and  marine  origin. 

Importance  of  the  Discovery. — The  evidence  of  these  disturbed 
shales  is  of  importance  taken  in  connexion  with  the  prevalence  in 
South-west  Lancashire  and  Cheshire  of  glacial  markings  and 
smoothed  rocks. 

At  the  present  moment  (March  1885)  is  to  be  seen  a  very  fine 
example  of  polished  and  striated  rock  at  Playbrick  Hill,  Birkenhead, 
Cheshire,  a  veritable  roche  moutonnee  which  has  only  just  been  bared 
of  its  covering  of  Low-level  Boulder-clay. 

It  has,  however,  been  a  moot  point  with  local  geologists  whether 
these  markings  are  due  to  land- or  fioating  ice.  I  have  myself 
always  considered  that  the  weight  of  evidence  preponderated  in 
favour  of  landrice,  though  there  are  some  facts  apparently  irrecon- 

2i2 
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cilable  with  that  view.  The  phenomena  described  in  this  paper 
seem  to  me  stronger  evidence  in  favour  of  the  land-ice  hypothesis 
than  any  I  had  previously  seen.  It  seems  to  me  next  to  impossible 
that  the  disturbance  of  these  shales  could  have  been  effected  by 
floating  ice  in  any  form,  and  the  entire  absence  of  extraneous  mateiial 
in  the  "  kneaded-up  marls  *'  lends  further  force  to  this  view. 

It  is  not  easy  to  get  the  exact  direction  of  the  dip  of  the  shales ; 
but  it  is  from  north  to  south  or  between  that  and  north-east  to 
south-west.  It  follows  from  this  that  the  lower  beds  must  crop  op 
towards  the  north,  though  the  country  is  so  buried  in  a  mantje  of 
Low-level  Boulder-clay  that  the  outcrop  is  not  seen.  If  the  dis- 
turbance of  the  shales  were  due  to  land-ice  coming  from  the  north 
or  north-west  (the  nearest  striae  so  far  recorded  are  at  Little  Crosby 
quarry,  22*^  W.  of  N.,  and  opposite  the  Police  Station  at  Great  Crosby, 
40°  W.  of  N.),  the  outcrop  of  the  lower  beds  consisting  of  sandstones 
would  be  torn  up  and  pushed  over  and  into  the  kneaded-up  shales 
at  all  angles,  and  this  so  far  corresponds  with  the  facts  described 
Some  of  these  rocks  may  have  been  glaciated  in  «i/u,  and  then 
broken  off  and  pushed  along  and  into  the  shales. 

The  tendency  of  the  foregoing  facts  and  phenomena  is  towards 
proving  that  the  period  of  greatest  cold  preceded  the  deposition  of 
the  Low-level  Boulder-clay.  This  I  have  already  pointed  out,  first 
in  1874  and  in  various  papers  since. 


Discussion. 

The  President,  while  admitting  that  Mr.  Eeade's  evidence  seemed 
to  point  to  land-ice,  said  that  it  was  difficult  to  imagine  a  glaeier 
on  BO  slight  a  slope  as  that  between  the  Lake-country  hills  and 
Liverpool. 

Mr.  Whitaker  insisted  that  the  lower  bed,  having  no  erratks 
from  a  distant  source  in  it,  must  have  been  of  different  origin  from 
that  with  so  many  far-travelled  blocks. 

Dr.  HiNDE  said  that  the  absence  of  far-travelled  erratics  in  the 
till  of  the  area  described  by  Mr.  Eeade  was  a  local  and  not  a  general 
characteristic  of  this  kind  of  rock,  since  in  the  lake-region  of 
Canada  and  the  United  States  the  till,  which  is  believed  to  have 
been  similarly  formed  by  land-ice,  contains  an  abundance  of  erratics 
from  distant  localities,  though  it  is  mainly  composed  of  the  d^ris  of 
local  rocks. 

The  Author  admitted  the  difficulty  suggested  by  the  President  as 
to  the  motion  of  ice  from  so  distant  a  source  as  the  Lake-distnct 
over  so  slight  a  slope.  He  believed,  however,  that  the  mechanics  of 
land-ice  remained  to  be  explained  ;  but  the  facts  ho  had  recorded  in 
the  paper  seemed  to  him  quite  irreconcilable  with  the  theory  that 
the  deposit  was  formed  by  floating  ice  either  as  icebergs  or  shore- 
ice.  In  reply  to  Dr.  Hinde,  he  stated  that  he  did  not  think  that  the 
view  that  the  Canadian  Boulder-clay  was  due  to  land-ice  was  by  any 
means  proved  to  be  the  true  one. 
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33.  On  an  almost  perfect  Skeleton  of  Ehttina  giqas  *  (Rhttina 
SiELLERit,  "Steller's  Sea-cow  "),  obtained  by  Mr.  Robert 
Damon,  F.G.S.,/r(w»  the  Pleistocene  Peat-deposits  on  Behring's 
Island.  By  Henry  Woodward,  LL.D.,  F.R.S.,  F.G^.,  &c. 
(Read  March  25,  3885.) 

The  extinctioii  of  any  group  of  animals  by  the  influence  of  man  or 
other  agencies  cannot  fail  to  .be  a  subject  of  interest  to  the 
palaeontologist.  Unfortunately  the  list  of  exterminated  species  has 
now  become  extremely  large,  and  it  seems  impossible  to  doubt  that 
in  a  few  more  years  all  the  larger  Mammalia  not  reduced  to 
domestication,  or  under  protective  legislation,  will  have  succumbed 
to  man  the  destroyer. 

The  musk-sheep,  bison,  girafife,  African  elephant,  wild  deer, 
antelopes,  and  the  large-horned  wild  sheep  of  the  Alpine  ranges, 
are  all  eagerly  stalked  down  by  the  modern  sportsman ;  whilst  the 
hunter,  in  search  of  ivory,  horn,  bone,  furs,  or  hides,  wages  a 
ruthless  war  of  extermination  against  them  all.  The  "fur-seal" 
and  the  *'  whale-fisheries ''  are  stOl  pursued ;  and  though  the  pursuit 
of  the  latter  is  now  much  diminished,  the  steady  destruction  of  all 
the  Pinnipcdia  in  both  the  northern  and  the  southern  hemisphere 
continues  with  unabated  ardour. 

I  wish,  very  briefly,  to  draw  your  attention  this  evening  to  a 
remarkable  animal,  now  extinct,  the  Kkytina  gigas  {=Wiyt{na 
SteUeri),  commonly  known  as  "  Steller's  Sea-cow." 

This  interesting  species  of  marine  phytophagous  mammal,  once 
no  doubt  abundant  along  the  shores  of  Kamtschatka,  the  Kurile 
Islands,  and  Aliaska  peninsula,  but  now  entirely  extinct,  was  first 
discovered  by  the  eminent  German  naturalist  Steller  J,  who,  in 
company  with  Vitus  Behring,  a  captain  in  the  Russian  Navy  and  a 
celebrated  navigator  of  the  northern  seas,  was  with  his  vessel  and 
crew  cast  away  upon  Behring  s  Island  (where  Behring  died),  in  1741. 

"We  have  fortunately  preserved  to  us  Steller's  original  description 
of  the  animal,  as  seen  alive  by  him,  during  his  long  enforced 
residence  on  the  island  ;  and  no  other  competent  observer  has  since 
had  the  same  opportunity ;  for  between  1742  and  1782,  a  period  of 
forty  years,  this  large  and  harmlcES  mammal  appears  to  have  been 
entirely  extirpated,  for  the  sake  of  its  flesh  and  hide,  around  both 
Behring's  Island  and  Copper  Island,  to  the  shores  of  which  in  Steller's 
time  it  was  limited. 

The  bones  of  the  Rhytina  are  not  to  be  seen  anywhere  lying  upon 
the  surface  of  the  ground  in  either  of  the  two  islands,  nor  do  they 
occur  along  the  shore  at  the  level  of  the  sea,  but  they  are  met  with 
at  a  distance  from  the  shore  in  old  raised  beaches  and  the  Post- 
tertiary   peat-mosses,  deeply  buried  and  thickly  overgrown  with 

^  Zimmermann,  1780.  t  Desmarest,  1819. 

I  "  De  Bestiis  marinis,  auctore  Qeorg.  Wilhelm.  Stellero"  &c.  M^m.  Acad. 
Sci.  St.  Paersbourg  (read  1745  published  1761),  torn,  ii  .pp.  294-330. 
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luxuriant  grass.  It  would  be  i^ext  to  impossible  to  find  them  by 
digging,  but  they  are  found  by  boring  into  the  peat  with  an  iron 
rod  or  some  such  tool.  The  same  method  is  adopted  in  the  peat- 
deposits  in  Ireland,  when  one  desires  to  find  a  timber-tree  for  gate- 
posts or  other  purposes ;  the  resistance  offered  to  and  the  sound 
emitted  by  the  boring-rod,  when  in  contact  with  a  solid,  is  at  once 
noticed  by  the  operator.  The  specimen  now  in  the  British  Mnsenm 
was  obtained  from  compact  peat,  and  all  the  vertebrae  and  other 
bones  having  cavities  in  them  were  full  of  peat-growth  when  they 
arrived,  as  was  also  the  skull.  I  am  informed  that  in  Aliaska 
territory  bones  of  the  Bhytirui  have  been  obtained  in  a  similar 
manner  from  deposits  of  peat. 

A  detailed  description  of  the  Rhyttna  is  rendered  almost  superero- 
gatory by  the  magnificent  work  of  the  late  Dr.  J.  F.  Brandt,  of  St 
Petersburg,  who  in  his  monograph, » SymbolseSirenologica),*  1846-68, 
has  left  us  a  masterly  and  detailed  account  of  the  anatomy  of  tliis 
interesting  genus,  accompanied  by  admirably  executed  plates.  Neter- 
theless  the  recent  acquisition  by  Mr.  Robert  Damon,  F.G.S.,  of  a 
specimen  nearly  as  complete  as  that  in  the  St.  Petersburg  Museum, 
and  more  so  than  Nordenskiold's,  seems  deserving  of  a  brief  notice*. 

One  of  the  contemporary  writers  on  Rhytina  with  Brandt,  after 
Steller,  was  Alexander  v.  Nordmann,  Professor  of  Zoology  in  the 
Imperial  University  of  Helsingfors,  in  Finland  (see  Beitrage  znr 
Kenntniss  des  Knochen-Baues  der  Rhytina  Stelleri,  von  Dr.  Alexander 
V.  Nordmann,  4to,  Helsingfors,  1861,  Acta  Soc.  Scient.  Fennic©, 
tom.  vii.  with  5  plate*;). 

Rhytina :  Oe^ieral  Characters. — The  Rhytina  belongs  to  the  order 
8irenia,  all  the  species  of  which  are  purely  aquatic  in  their  habits 
and  of  fish-like  form  of  body,  which  led  to  their  being  formerly 
confounded  with  the  Cetacea,  from  which,  however,  they  are  widely 
separated. 

The  head  in  the  Sirenia  is  rounded,  and  of  moderate  size,  never 
disproportionately  large,  as  in  the  Whales ;  the  neck  is  short  and 
scarcely  offers  any  marked  constriction  between  the  head  and  body. 

The  muzzle  is  truncated  and  obtuse,  and  the  nostrils,  which  are 
placed  above  the  fore  part  of  the  snout,  are  valvular  and  distinct 
The  external  ear  is  absent,  or  very  small ;  the  eyes  very  small  with 
an  imperfect  eyelid,  but  a  well-developed  nictitating  membrane. 
The  form  of  the  body  is  depressed,  fusiform,  tapering  behind,  and 
without  any  dorsal  fin ;  the  tail  is  flattened  and  expanded  horizontaUy, 
as  in  the  Cetacea. 

The  fore  limbs  appear  to  be  remarkably  free,  and  capable  of 
being  moved  from  the  shoulder-joint.  Thus  the  living  Manatee 
has  been  observed  to  use  its  fore  limbs, "  manus,"  to  assist  in  bringing 
the  food  towards  the  mouth  in  feeding ;  and,  as  the  mammary  ^anda 
are  axillary,  the  females  all  hold  the  young,  in  early  life,  under  their 
armst. 

*  The  Bpecimen  haa  now  heen  acquired  for  the  British  Moaeum  (Katnril 
History),  Cromwell  Boad,  London. 
t  That  the  appearance  of  these  grotesque  animals,  no  doubt  fiiequ^tlj  mm 
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The  pelvis  in  the  8irenia  is  ex- 
ceedingly rudimentary,  consisting  of 
a  pair  of  small  hones  suspended  at 
some  distance  helow  the  vertehral 
column.  (These  have  not  been  ob- 
served in  Bhytina.)  There  is  no 
trace  of  any  hind  limb  ;  but  a  rudi- 
mentary femur  has  been  noticed  in 
another  extinct  form  of  Sirenian 
{UaJiiheriurn). 

Khytina:  The  ffead.— The  head 
in  Bhytina  is  small  in  proportion  to 
the  long  and  very  thick  body.  The 
bones  of  the  skull  are  massive,  but 
very  loosely  connected  together. 

Sir  Eichard  Owen  observes  that 
this  character  of  the  skull,  taken  in 
connexion  with  the  density  of  the 
bony  skeleton,  and  the  absence  of 
cavities*  in  the  bones  themselves^ 
reminds  one  of  the  skeleton  of  the 
Reptilia  (Owen,  *'  On  the  Dugong,'' 
Proc.  Zool.  Soc.  1838,  pp.  28-46). 

The  nasal  bones  are  quite  rudi- 
mentary ;  the  maxillary  border  is 
narrow  and  straight ;  the  premaxil- 
lary  bones,  forming  the  rostral  por- 
tion of  the  skull,  are  long  and  con- 
siderably developed  in  front,  forming 
the  strongly  curved  border  of  the 
nasal  opening,  and  projecting  with 
a  downward  curve  (as  in  Halkore^ 
but  less  acute),  its  upper  and  outer 
contour  being  very  convex,  and  the 
lower  and  inner  palatal  surface 
being  concave. 

The  zygomatic  arch  is  strongly 
developed  and  much  curved.  The 
occipital  portion  of  the  skull  is  the 

by  the  earlier  Tojagers,  both  in  the  Eaot 
and  West  Indies  and  on  the  coasts  of 
Aftrica,  should  have  originated  the  legends 
of  Mermaids  and  Sirens,  seems  at  first 
sight  incredible ;  but  art  was  then  in 
its  infancy  in  this  country,  and  doubtless 
the  enffrarer,  who  pourtrayed  at  second 
hand  the  features  of  the  **  sea-siren/'  had 
but  little  assistance  in  his  delineation 
from  the  narrator. 

*  Omilhcpsis  Sedeyi,  Hulke,  was  not 
then  discovered. 
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broadest ;  the  supraoccipital  portion  is  very  rugose,  the  condyles  arc 
semicircular  and  prominent,  and  the  foramen  magnum  is  yerj  wide. 

The  Lower  Jaw, — The  lower  jaw  is  deep  in  proportion  to  ite 
length.  The  coronoid  process  rises  very  little  above  the  condyle 
itself.  The  symphysis  of  the  mandible  extends  for  about  one  third 
(or  rather  more)  of  its  length,  having  a  convex  contour  on  ite 
upper  surface  to  correspond  with  the  concave  contour  of  the  pre- 
maxilla.     The  symphysial  surface  is  very  rugose. 

Teeth  absent  or  only  Rudimentary  Incisors, — ^Two  kinds  of  teeth 
(molars  and  incisors)  are  usually  present  in  most  of  the  Sirepia  ^ 
Dr.  James  Murie,  in  his  elaborate  and  exhaustive  memoir  on  the 
Manatee  (Trans.  Zool.  Soo.  vol.  viii.  1872,  pp.  127-202,  pi.  xvil- 
xxvi.),  observes:  —"Although  Bhytina  was  edentulous  in  the  adolt 
condition,  I  strongly  suspect  that,  like  other  Sirenian  genera,  rvii- 
mentary  teeth  may  have  existed  in  its  earlier  stages  of  growth.  Nord- 
mann  seems  also  favour ajbly  inclined  to  this  opinion." 

Trace  of  Rudimentary  Incisors, — It  is  interesting  to  observe,  in 
confirmation  of  Dr.  Murie's  observation,  that  the  skulls  of  Bhytina 
in  the  British  Museum  demonstrate  the  former  presence  of  smtll 
rudimentary  incisor  teeth  in  the  premaxillaries,  two  small  alveoK 
being  clearly  shown;  and  the  sides  of  these  bones  are  swollen 
slightly,  just  where  the  pulp-cavities  of  these  small  incisors  would 
have  been  present. 

Homy  Palate.  — Ab  compensation  for  the  absence  of  teeth  in 
Rhytina,  the  palate  and  sides  of  the  gums  of  both  the  upper  and 
the  lower  jaw  were  covered  by  tough  corrugated  homy  plates,  of 
peculiar  structure,  which  assisted  in  the  process  of  mastication. 

With  regard  to  the  structure  of  the  palatal  and  mandibular 
laminee,  although  their  function  was  undoubtedly  that  of  the  tritu- 
ration of  food,  Prof.  Brandt  has  shown  t  that  they  are  destitute 
of  true  bony  or  dental  substance,  and  that  they  are  in  fact  indurated 
epithelium. 

Dr.  Murie  has  also  expressed  his  conviction  that  the  stronglT 
ridged  palatal  plate  in  Rhytina  is  homologous  with  that  found  in 
Manaius  and  Halicore,  "  It  certainly,"  he  adds, "  does  not  appear  to 
me  to  be  the  representative  of  teeth,  nor  of  the  baleen  plates  met  with 
in  the  true  Cetacea."  "  The  maxillary  alveolar  ridges  are  narrow 
and  quite  behind  the  bruising-plate,  the  latter  occupyiDg  the 
intermaxillary  aud  not  the  maxillar}'  bones  "  (Murie,  Trans.  ZooL 
Soc.  vol.  viii.  1872,  p.  167). 

Cast  of  Brain-cavity  secured. — Advantage  was  taken  of  the  loose 
and  readily  separable  state  of  the  sutures  of  the  skull,  to  make 
a  careful  gelatine  mould  of  the  brain-cavity.  The  result  is  shown 
in  the  cast  exhibited,  which  differs  somewhat  from  the  figure 
(similarly  obtained)  of  the  brain-cavity  of  Rhytina  taken  by  Brandt 

Brandt  cited  on  Brain  of  Bhytina. — That  author  observes  that, 
according  to  Steller,  Rhytina  has  a  small  cerebrum,  which  is  not 

*  In  Prorastomus  canines  are  also  developed ;  but  Bhytina  ponecsed  neilber. 
t  Brandt,  M6m.  Imp.  Acad.  Sci.  St.  P^terebourg,  1846,  vi.  s^e,  pt  ii.  Sci. 
Nat  ToL  T.  Utp.  iv.  pp.  1-100,  tab.  i.-?. 
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separated  from  the  cerebellum  by  a  bony  septum :  he  was  unable  to 
find  any  other  peculiarity.  He  proceeds : — "  As  no  brain  was  pre- 
seryed,  the  only  means  of  knowing  its  form  was  by  taking  casts  of 
the  cranial  cavity  with  plaster  of  Paris.  In  general  character  the 
brain  of  Rhytiwi  is  intermediate  in  form  between  those  of  Hdlicore 
and  ManatxM,  In  some  points  perhaps  it  is  nearer  to  the  former, 
but  in  others  it  approaches  Manatus.  The  cerebral  hemispheres 
higher  and  more  elongated  than  in  the  Manatees ;  the  posterior 
lobes  of  the  hemispheres  longer  and  higher  than  the  anterior  ones, 
convex  above  and  impressed  laterally,  and  the  medulla  oblongata 
projecting  above,  in  the  form  of  a  median  longitudinal  crest;  all 
show  a  resemblance  to  the  brain  of  Halicore,  The  hemispheres  of 
Bhytina  arc,  on  the  contrary,  shorter  than  in  Halicore ;  the  anterior 
lobes  of  the  hemispheres  of  Rhyiina  are  impressed  on  their  anterior 
faces  and  not  convex  as  in  Halicore ;  again  the  medulla  oblongata  of 
Bhytina  is  very  broad,  and  the  corpora  clavata  are  more  depressed 
from  the  sides  than  in  Halicore^  and  remind  one  rather  of  Manatus. 
But  besides  the  above-mentioned  affinities  to  Halicore  and  Manatus^ 
Bhytina  also  shows  peculiar  characters  of  its  own. 

''  Thus  the  anterior  lobes  of  the  hemispheres  of  Halicore  are 
exceedingly  convex ;  in  Bhytina  they  are  even  more  so,  and  even 
higher  than  in  the  Manatee ;  they  are  depressed,  from  the  same 
cause,  on  the  anterior  surface,  especially  on  the  sides,  but  less  than 
in  Halicore  and  Manatus^  but  they  overhang  in  the  middle  to  a 
greater  degree.  The  posterior  lobes  of  the  hemisphere  of  Bhytina, 
on  their  posterior  border  with  the  cerebellum,  are  broader  than 
in  the  other  genera  of  Sirenians  before  mentioned  (and  in  this 
respect  they  are  not  unlike  the  same  lobes  in  the  elephant)  ;  they 
also  show  on  the  upper  surface  an  oval  convexity  or  furrow ;  these 
then  constitute  peculiarities.  The  hemispheres  of  the  brain  of 
Bhytina  further  <3Uffer  in  this,  that  they  appear  to  approximate  very 
closely  to  one  another.  The  cerebellum  in  Bhytina  is  depressed 
to  a  greater  extent,  and  is  broader  and  stronger  than  in  the  other 
genera.  The  brain  in  Bhytina  affords  therefore  a  form  intermediate 
between  Halicore  and  Manatus,  Otherwise  the  brain  of  the  Bhytina, 
considering  the  huge  size  of  the  body  of  the  animal,  seems  to  be  six 
times  smaller*  in  proportion  than  that  of  Manatus  or  Halicore, 
The  plaster-cast  of  the  brain  of  Bhytina  shows  traces  of  the  small 
optic  nerves,  and  of  a  very  large  fifth  hypophysis  showing  a  rounded 
prominence  ''t. 

Bones  of  the  Ear  of  Rhytina  Stelleri  j^reserved, — The  os  petrosum 
of  the  periotic,  with  the  tympanic  ann^us,  is  preserved  on  both  the 
nght  and  left  sides  of  the  skull. 

On  removing  the  peat  from  the  cavity  of  the  mid-ear  Mr.  C. 

*.  This  agrees  with  Prof.  Marsh's  obeerFations  on  the  smallness  of  the  brain 
in  Tertiary  mammals,  and  is  in  favour  of  the  very  high  antiquity  of  Bhytina. 
See  Marsh  in  Silliman*s  Joum.,  "On  the  small  size  of  Brain  in  the  Tertiary 
MammaUa,"  3rd  series,  toI.  viii  1874,  p.  66,  ibid.  op.  dt  toL  xii.  1876,  p.  61 
and  vol.  xxix.  1886,  pp.  190-193. 

t  Brandt,  "  SymboUe  Sirenologicae,"  fasc.  iii.  1878,  p.  256.  Tab.  ix.  M6m.  de 
TAcad.  Imp.  d.  Sc  St.  P^tersbourg,  sdr.  vii.  tom.  xii. 


Digitized  by  VjOOQ IC 


4(^2  DK.  H.  WOODWIBD  ON  AIT  ALMOST 

Barlow  (the  formatore  of  the  Geological  department)  discovered 
the  three  auditory  ossicles  still  within  the  cavity.  They  agree  very 
closely  with  the  figures  given  hy  Brandt  *,  and  are  also  near  to  the 
ossiculsB  auditus  of  the  Manatee. 

Tfie  Stapes. — The  stapes  is  a  short  colnmella-like  bone,  flattened 
at  each  end,  having  a  small  perforation  (which  may  perhaps  indicate 
the  remnant  of  a  much  larger  opening,  the  stirrup,  observable  in 
this  bone  in  some  other  mammalia).  It  fits  at  one  end  into  the 
fenestra  ovalis,  and  unites  at  the  other  with  the  end  of  the  incus. 

The  Incus, — ^The  incus  is  longer  and  stouter,  and  the  superior  and 
inferior  faces  are  depressed,  and  the  posterior  process,  the  long  cnct, 
which  articulates  with  the  stapes,  is  shorter  than  in  the  Manatee 
and  Dngong. 

T?u  Malleus, — The  body  of  the  malleus  is  much  swollen,  more  so 
than  in  the  Dugong ;  the  superior  face  is  convex,  not  depressed,  as  in 
Manatus  latirostrisl  The  external  process  of  the  malleus  has  a 
straight  internal  border  (not  arched  as  in  Manatus)  ;  the  external 
border  is  strongly  arched  (not  truncated  below) ;  the  external  face  is 
greater  in  breadth  and  is  flatter  than  in  Manatus.  The  condyles, 
articulating  with  the  incus,  are  bilobed  and  depressed. 

Bones  of  the  Scapular  Arch  and  Fore  Limb. — The  stpmum  has  been 
figured  by  Brandt  t.  It  is  a  much  stouter  and  stronger  bone  than 
in  the  Manatee,  but  is  similar  in  form. 

Scapula, — ^The  scapula  is  somewhat  convex  externally,  the  inner 
concave  face  fitting  closely  against  the  anterior  ribs  to  which  it  was 
applied  ;  the  spinous  process  of  the  scapula  is  strongly  developed. 
The  glenoid  cavity  is  deep  and  circular  and  well  fitted  to  the  rounded 
head  of  the  humerus ;  the  humerus  is  short  and  stout ;  the  radius 
and  ulna,  which  arc  also  short,  are  anchylosed  together  at  both 
extremities  and  incapable  of  any  rotatory  motion  ;  tiie  olecranon  is 
strongly  produced  and  curved,  showing  that  the  fore  arm  as  well  as 
the  humerus  had  considerable  free  lateral  movement  for  the  act  of 
swimming. 

The  Manus, — The  carpal  bones  and  digits  are  unknown  in 
Bhytina ;  the  digits  were  probably  five,  as  in  Manatus  and  Halkort 
(but  the  thumb  in  the  latter  is  rudimentary).  Externally  viewed 
the  fore  Hmbs  in  Bhytina  were  fin-like,  with  no  external  digits  or 
nails  visible ;  but  Steller  describes  their  extremities  as  tibickly 
covered  with  short  bristly  hairs. 

Density  of  Skeleton, — The  skeleton  is  remarkable  for  the 
massiveness  of  the  bones,  especially  the  great  density  of  the  ribs, 
which  have  the  hardness  of  ivory.  There  is  a  general  absence  of 
medullary  cavities  in  the  bones. 

The  great  specific  gravity  of  the  bones  no  doubt  assisted  these 

*  See  also  Claudius  "  On  the  organs  of  hearing  in  Bhytina^**  Hfm.  Aead. 
Imp.  Sci.  8t  P^tersbourg,  1867,  vol.  xi  no.  5,  2  plates ;  Brandt^  "Symb.  SireD." 
Faso.  ii.  pp.  8-10,  Tab.  ii.  figs.  11-20.  M^.  Acad.  Imp.  SoL  6t  PMenboofgi 
s^r.  Tu.  1861. 

1 1  believed  we  also  had  in  the  Museum  an  imperfeet  siemiim  of  BkytinM, 
and  Prof.  Flower,  after  comparison,  agrees  in  this  determination. 
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animals  in  keeping  their  large  bodies  sunk  beneath  the  surface  of 
the  shallow  waters  in  which  they  dwelt  whilst  feeding  upon  the 
marine  vegetation  upon  which  they  wholly  subsisted. 

Variations  to  the  rah  of  seven  Cervical  Vertebras  usually  obtaining  in 
the  Mammalia, — Although  the  normal  number  of  cervical  vertebrae 
ibaintained  in  the  Mammalia  is  usually  seven,  yet  some  of  the 
Sirenia  (such  as  the  ''American  Manatee '')  have  only  six.  Con- 
versely in  Bradypus  the  number  of  the  cervical  vertebrae  is  increased 
to  eight  or  nine.  This  is  explained  by  the  fact  that  the  thoracic 
vertebrsB  in  Bradypus  pass  into  the  cervical  region,  while  the 
diminution  to  six  in  Choloepus  and  in  the  American  Manatee  is 
similarly  explained  by  the  complete  development  of  the  rib  of  the 
seventh  cervical  vertebra. 

Bhytina  has  been  described  by  Steller  as  only  possessing  six 
cervical  vertebrae,  like  the  Manatee ;  but  Brandt  correctly  gives  the 
number  as  seven,  and  the  specimen  now  in  the  Museum  confirms 
this  determination. 

The  atlas-  and  axis-vertebrae  in  Bhytina  are  fairly  robust, 
and  the  atlas  is  as  broad  as  the  second  dorsal  vertebra ;  but  the 
five  remaining  cervical  vertebrae,  although  quite  free,  are  thin  and 
plate-Hke,  as  in  tbe  Cetacea  proper.  But  the  Sirenia  are  distinguished 
from  the  true  Whales  by  their  capability  of  moving  the  head  from 
side  to  side,  and  up  and  down,  by  means  of  the  ''  odontoid  "  process 
of  the  axis  vertebra  on  which  the  head  rotates.  In  the  Cetacea,  in 
which  the  cervical  vertebrae  are  anohylosed  together  to  a  greater  or 
less  extent,  and  the  neck  is  consequently  immovable,  the  odontoid 
process  is  also  wanting. 

As  the  Sirenia  spend  their  whole  lives  browsing  upon  the  Lami- 
narice  and  other  Algae  and  aquatic  plants,  this  power  to  move  the 
short  neck  pretty  freely  must  be  essential  to  them  both  in  feeding 
and  also  in  putting  up  their  heads  to  breathe. 

The  number  of  vertebrae  attributed  to  the  Sirenia,  both  of  living 
and  extinct  genera,  is  very  variable  according  to  different  authors. 
Prof.  Brandt  attributed  to  Bhytina  7  cervicals,  19  thoracic  or  dorsal 
vertebrae,  and  from  34  to  37  lumbar,  sacral,  and  caudal.  The 
cervicals  and  dorsals  are  readily  determined ;  but,  as  none  of  the 
vertebrae  are  anchylosed  together  to  form  a  sacrum,  it  is  a  matter  of 
some  difficulty  to  decide  which  are  lumbar  and  which  are  sacral 
vertebrae. 

Not  only  does  anchylosis  never  occur  in  the  vertebrae  of  the  Sirenia, 
but  the  flat  ends  of  the  centra  of  the  vertebrae  do  not  ossify  separately 
so  as  to  form  disk-like  epiphyses  in  the  young  state,  as  is  commonly 
the  case  in  all  the  other  Mammalia. 

Brandt  indicates  the  7th  vertebra  beyond  the  last  of  the  dorsal 
or  thoracic  series  as  bearing  the  rudimentary  pelvis  ;  but  as  the  ver- 
tebrae are  fiever  anchylosed  to  form  a  sacrum,  we  can  only  conjecture 
(by  noticing  a  slight  prominence  upon  the  posterior  border  of  the 
extremely  wide  transverse  processes)  which  of  these  lumbar-sacral 
vertebrae  seem  marked  as  sacral,  probably  about  the  5th,  6th,  and 
7th,     The  13  vertebras  next  behind  the  dorsal  series  may,  from  their 
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size  and  their  wider  and  longer  transyerse  processes,  be  considered 
lumbar  and  sacral,  and  the  21  following  vertebrae  as  caudal ;  about 
6  or  8  of  the  most  anterior  of  the  latter  had  small  chevron-bonee  or 
haemal  arches  attached  to  them  in  the  St.  Petersburg  specimen. 

The  transverse  processes  in  the  caudal  series  are  much  smallef, 
thicker,  and  shorter,  and  are  directed  obliquely  backwards. 

Variation  inform  of  the  Centra  in  the  Vertebral  Column, — There 
is  a  marked  change  in  the  form  and  size  of  the  neural  arch  and  the 
centrum  of  the  several  vertebrae  in  the  spinal  column,  from  before 
backwards.  The  anterior  dorsal  vertebrae  have  each  a  small  com- 
pressed centrum,  much  broader  than  deep  ;  the  neural  arch  Ib 
triangular,  the  neural  spine  erect. 

Prom  the  5th  to  the  8th  dorsal  the  centra  are  longer  and  cordi- 
form,  and  the  neural  canal  is  smaller  and  more  rounded ;  the  neural 
spine  bends  backwards,  and  the  zygapophyses  are  more  promineut 

The  lumbar  vertebrae  are  much  dilated  laterally,  the  centra  being 
nearly  three  times  as  broad  as  deep.  The  neural  canal  is  reduced 
in  size,  and  the  neural  spine  is  moderately  large ;  but  the  transTerse 
processes  are  very  flat,  long,  broad  and  straight,  being  in  reUtioD 
to  the  centrum  as  5  to  1. 

The  centra  of  the  caudal  vertebrae  are  rounder,  the  transrerBe 
processes  are  short  and  stout  and  bent  backwards  ;  the  neural  caul 
is  reduced  to  a  very  small  size,  and  the  neural  spine  gradually 
disappears. 

The  earlier  caudals  have  short  Y-shaped  chevron -bones  or  hflemal 
arches. 

The  11th  to  16th  thoracic  or  dorsal  vertebrae  have  irregularly 
developed  hypapophyses  on  the  ventral  surface  of  their  centra. 

There  are  1 9  pairs  of  ribs  in  Rhytina^  probably  not  more  than 
two  pairs  of  which  were  articulated  to  the  sternum.  The  lat  and 
2nd  pairs  are  short  and  much  compressed  laterally,  the  third  and 
following  are  round  and  very  massive,  and  increase  in  curvature  and 
length  up  to  the  12th,  when  they  gradually  become  shorter  and  leas 
curved,  the  19th  being  quite  rudimentary. 

This  large  number  of  rib-bearing  vertebrae  in  the  Sirenia  is  only 
equalled  in  Elejphas  and  Bhinoceros,  and  only  exceeded  in  Dendrohyrax 
(which  has  22  costal  vertebrae),  thus  affording  another  point  of 
analogy  in  Bhytina  to  the  Ungulata*. 

The  ovoid  visceral  cavity  thus  enclosed  within  the  bony  walls  of 
the  ribs  is  of  vast  dimensions ;  and  one  realizes  readily  the  statement 
that  a  full-grown  male,  covered  with  its  integument  and  fleab, 
weighed  as  much  as  3^  tons. 

Habits  of  Rhytina,  &c. — The  Sirenia  pass  their  whole  life  in  the 
water,  being  denizens  of  the  shallow  bays,  estuaries,  lagoons,  and 

*  The  teeth  in  Afanatus  and  HaWkerium  approach  in  form  to  the  mokrf  is 
Hippopotttmus,  Mastodon,  and  the  Suidae. 

Dr.  Murie  strongly  insiBts  upon  the  dermal  characters  as  oflering  a  teiy  ^o* 
resemblance  between  Manatus  and  Elrphas.  The  short  (rudiraentaiy)  vaml 
bones  and  the  prolonged  premaxillaries,  with  their  tusk-like  indsors,  uSofd 
further  points  of  resemblance  with  the  Proboscidea. 
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large  riyers ;  but  they  never  venture  far  away  from  the  shore. 
Their  food  consists  entirely  of  aquatic  plants,  upon  which  they 
browse  beneath  the  surface,  as  the  terrestrial  herbivorous  mammals 
feed  upon  the  green  pastures  on  land  *. 

When  Steller  came  to  Behring's  Island  in  1741,  the  Searcows 

•  pastured  in  the  shallows  along  the  shore,  and  collected  in  herds  like 

cattle.     As  they  fed,  they  raised  their  heads  every  four  or  five 

minutes  from  below  water  in  order  to  breathe  before  again  descending 

to  browse  on  the  thick  beds  of  sea- weed  which  surround  the  coast. 

They  were  observed  by  him  to  be  gregarious  in  their  habits,  slow 
and  inactive  in  their  movements,  and  very  mild  and  inoffensive  in 
their  disposition.  Their  colour  was  dark-brown,  sometimes  varied 
with  spots.  The  skin  was  naked,  but  covered  with  a  very  thick,  hard, 
rugged,  bark-like  epidermis,  infested  by  numerous  parasites. 

When  full-grown  they  are  said  to  have  sometimes  attained  a  length 
of  35  feet  and  a  weight  of  3  or  4  tons. 

Like  most  of  the  Herbiyora,  they  spent  the  chief  part  of  their 
time  in  browsing.  They  were  not  easily  disturbed  whilst  so 
occupied,  even  by  the  presence  of  man.  They  entertained  great 
attachment  for  each  other ;  and  when  one  was  harpooned,  the  others 
made  incredible  attempts  to  rescue  it.  They  were  so  heavy  and 
large  that,  Steller  records,  they  required  40  men  with  ropes  to  drag 
the  body  of  one  to  land. 

Fossil  and  Recent  Allies  of  Rhytina. — In  Miocene  and  Pliocene 
times  Sirenians  were  abundant  over  a  large  portion  of  Europe. 
Many  of  these  are  referable  to  the  genus  HalitJierium,  first  described 
by  Xaup  from  the  Miocene  of  Hesse  Darmstadt. 

Halitherium  resembled  the  Bugong  in  its  dentition  (fig.  3), 
•having  tusk-like  incisors  in  the  upper  jaw,  though  these  were  not  so 
largely  developed  as  in  Halicore,  The  molar  teeth  were  ^  or  -J,  the 
anterior  teeth  were  simple  and  single-rooted,  the  posterior  teeth  of 
the  upper  jaw  with  tiiree  roots,  and  those  below  with  two  roots,  and 
with  enamelled  and  tuberculated  or  ridged  crowns,  in  all  which 
points  they  resemble  the  Manatee  more  than  the  Dugong.  The 
anterior  molars  were  deciduous. 

The  pelvic  bones  are  better  developed  than  in  existing  Sirenians 
(fig.  2) ;  there  is  also  a  rudimentary  styliform  femur.  They  were 
therefore  less  specialized  than  their  modern  representatives  (Flower). 

In  Prorastomus  (Owen)  from  the  Tertiary  of  Jamaica,  the  denti- 
tion is  very  remarkable  ;  for  we  have  present  at  one  and  the  same 
time,  clearly  differentiated — incisors  |^,  canines  j^,  premolars 
1=^,  and  molars  ^=4S  teeth. 

*  Mr.  William  Carruthere,  P.R.S.,  F.G.S.,  informs  me  that  the  large  sea- 
weeds called  Laminaria  grow  in  water  at  or  just  below  low -water;  they  are 
nutritious  and  are  eaten  by  animals.  They  abound  in  the  North  Pacific  Ocean. 
Buprecht,  in  his  account  of  the  Alg»  of  the  North  Pacific,  records  eight  species 
of  these  large  weeds  growine;  in  the  Sea  of  Ochotsk,  on  the  shores  of  Kamts- 
chatka,  and  the  north  of  North  America.  He  adds : — "  When  I  went  to  see  the 
Ck)niferous  trees  at  Monterey,  California,  last  autumn,  I  was  surprised  at  the 
magnitude  and  quantity  of  the  Fuoi  and  Laminaria  thrown  up  on  the  coast." 
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HaUeore  (fig.  4),  at  iirst  sight,  seems  widely  separated,  and  appears 
to  approach  towards  the  condition  of  Bhytina^  having  in  the  adult 

Fig.  3. — Dentition  of  Halitherium  Schinzi,  Kaup, 


A.  Left  half  of  the  palate.  B.  Fart  of  left  ramus  of  mandible. 

Fig.  4. — Dentition  of  Halicore  australis.     Queensland. 


A.  Left  half  of  the  palate. 


B.  Part  of  left  ramua  of  mandible. 


state  only  one  pair  of  incisors  left  in  the  npper  jaw,  and  two 
(rarely  three)  molars  on  each  side  above  and  below,  making  14  teeth 
in  all. 

But,  adding  the  milk-dentition,  we  have 

1—1  8—3 

Milk-dentition     ]  s  s  3=3 

1- Incisors.        Molars. 

2-2  rarely  |=r 

o o  3     3 


Permanent  teeth  J 


1  1 
0—0 


The  teeth  in  Halicore  are  more  or  less  cylindrical ;  the  incisors  in 
their  form  and  wear  resemble  those  of  the  Hippopotamus.  The 
last  molar  is  compressed  laterally,  giving  the  crown  a  figure-of- 
eight  shape ;  but  there  is  no  distinction  into  root  and  crown.  The 
summits  of  the  crown  are  tuberculated  before  wearing  ;  afterwards 
they  are  flattened  or  slightly  concave. 
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In  ManatuB  senegalensis  (fig.  5)  there  are  milk-incisors  present  ^) 
which  disappear.  The  molars  amount  to  }J^ ;  the  npper  molars 
have  two  ridges  and  three  roots  ;  the  lower  mandibular  series  haye 
an  additional  posterior  ridge  or  talon,  and  only  two  fangs. 

Fig.  $. — Dentition  of  Manatus  senegalensis. 
West  Coast  of  Africa. 


A.  Left  half  of  the  palate. 

B.  Part  of  left  ramus  of  mandible. 


The  teeth  drop  out  in  front,  and  are  renewed  from  behind  as  in 
the  Froboscidea. 

This  extreme  variation  in  the  nnmber  of  the  teeth  from  2  to  48 
is  exactly  paralleled  in  the  Cetacea,  in  which  we  have  many  eden- 
tulous species  (Balsenidee) ;  others  with  only  two  teeth  present  (Zi- 
phioid  Whales);  others  again  with  very  numerous  teeth  (Delphinidae). 
All  the  earlier  voyagers  confounded  the  Sirenia  with  the  Seals, 
and  the  Bhytina  with  the  Morse  or  Walrus. 

In  1811,  Illiger  separated  the  three  genera — Manatus^  EaVcore^ 
and  Bhytina,  under  the  name  Sirenia,  and  placed  them  between 
the  Seals  and  the  Cetacea.  They  are  now  placed  by  Frof.  Flowtf 
and  other  naturalists  between  the  Ungulata  and  the  Cetacea. 

The  following  is  a  List,  with  their  distribution,  of  the  existiiig 
species  of  the  order  Sirenia : — 

Manatus  senegalensis^  Desmarest   (the  African  Manatee),  inhabi- 
ting the  west  coast  of  Africa  from  about  16°  N.  to  10**  8.  lat 
and  as  far  into  the  interior  as  Lake  Tchad ;  and  according  to 
native  accounts,  to  the  River  Keebaly,  27^  E.  long. 
Manatus  latirostris,  Harlan  (the  West  Indian  Manatee),  inhabi- 
ting the  creeks,  lagoons,  and  estuaries  of  the  West  Indian 
Islands  and  coast  of  Florida. 
Manatus  amtricanus  (the  Brazilian  Manatee),  inhabiting  the  coast 
as  far  south  as  about  20°  S.  lat.,  and  the  great  riveis  of  Brazil 
almost  as  high  as  their  sources. 
Halicore  iahemaculi  (the  Dugong)  inhabiting  the  Red  Sea  and  the 

east  coast  of  Africa. 
Halicore  dugong^  inhabiting  the  Indian  Sea,  Ceylon,  Bay  of  Bengal, 

Indo-Malayan  Archipelago,  and  Fhilippine  Islands. 
Halicore  australis,  the  coasts  of  Eastern  and  North  Australia. 
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Passing  to  the  West  Indies,  we  find  a  fossil  species  from  thence 
having  important  differences  in  dentition,  hj  which  to  separate  it 
from  the  now  living  Manati,  Three  other  species  occur  in  the 
Tertiary  beds  of  Soutil  Carolina ;  and  a  doubtM  form  in  the  deposits 
of  Darling  Downs,  Queensland,  Australia. 

Lastly,  there  is  the  extinct  Bhytina  of  Behring's  Island  now  under 
notice.  We  have,  then,  at  the  present  day  living  in  America, 
Africa,  India,  and  N.E.  Australia,  two  genera  and  six  species  of 
Sirenia ;  and  in  Europe,  Africa,  and  America,  12  genera  and  27 
species  of  extinct  Sirenians. 

Conclusion, — Distribution  of  the  Sirenia, — There  are,  it  appears 
to  me,  two  very  important  points  in  connexion  with  the  Sirenia 
which  are  worthy  of  our  special  attention  as  geologists  and  palaeon- 
tologists. 

I  allude  to  the  present  and  the  past  distribution  of  this  order 
over  the  world. 

If  we  take  the  belt  of  the  tropics,  that  is  23|°  N.  and  23|^  S.  of 
the  equator  (or,  better  still,  say  30**  N.  and  S.  of  the  equator),  we 
shall  cover  the  geographical  distribution  of  all  the  living  Sirenians. 

If  we  take  another  belt  of  30°  North  beyond  the  tropic  of  Cancer ^ 
we  shall  embrace  the  whole  geographical  area  in  which  fossil  remains 
of  Sirenians  Tiave  been  met  with. 

Assuming,  as  I  think  we  may,  that  the  Sirenia  at  the  present  day 
belong  exclusively  to  the  tropical  regions  of  (he  earthy  and  that  Bhytina^ 
in  its  boreal  home,  was  simply  a  surviving  relic  from  the  past  (a 
sort  of  geological  "otUZter,"  as  of  a  stratum  elsewhere  entirely 
denuded  away),  we  must  conclude  that  the  presence  of  about  12  genera 
and  27  species  of  fossil  Sirenia,  as  widely  distributed  then  as  the 
recent  forms  are  at  the  present  day,  but  with  a  range  from  the  tropic  of 
Cancer  up  to  60^  of  north  latitude^  affords  a  most  valuable  piece  of 
evidence  (if  such  were  needed),  attesting  the  former  northern 
extension  of  subtropical  conditions  of  climate  which  must  have 
prevailed  over  Europe,  Asia,  and  N.  America,  in  Eocene  and 
Miocene  times  and  in  the  older  Pliocene  also. 

The  early  appearance  of  so  highly  modified  a  form  of  mammal, 
its  abundance,  distribution,  and  variations,  serve  to  attest  the  great 
lapse  of  time  occupied  in  the  accumulation  of  even  our  later  Tertiary 
deposits,  which  we  are  sometimes  apt  to  pass  over  as  representing  but 
a  very  brief  chapter  in  the  geological  hbtory  of  our  earth ;  and 
further,  it  must  necessitate  our  carrying  back  the  Mammalian  class 
far  into  Secondary  times. 

Note, — Drifted  remains  of  Manatee  (either  from  Florida  or  from 
the  West  Indies)  are  recorded  as  having  reached  our  shores, 
probably  on  the  waters  of  the  "  gulf-stream,"  in  1785. 

The  carcass  of  one  of  these  animals  was  washed  ashore  at  Leith  ; 
it  was  much  disfigured,  but  Mr.  Stewart  informed  Dr.  Fleming 
that  it  was  the  putrid  body  of  a  Manatee,  or  Manatus  borealis. 
(Bell,  Brit.  Quadrupeds,  8vo,  1837,  p.  626.) 
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The  following  is  a  list  of  fossil  Sirenia,  with  fbimations  and 
localities : — 
Chifotherium  aubapenninum,  Bruno.    Pliocene:  Piedmont    Mem.  Aead.  Sgl 

Tor.  ser.  ii.  vol.  i.  (1839)  p.  14a 
Chronozoon  au4<trale,  0.  W.  de  Vis,  Proc  Linn.  Soc  N.  8.  Wales,  1883^  lia. 

p.  382,  pi.  xvii.    Pliocene :  Darling  Downs,  N.  8.  Wales, 
Cramtherium  robusiwn.  Van  Beneden.    Pliocene :  Belgium. 
Diplotherium  Manigaxdti,  Cope.     Miocene  ? :  S.  Oaroluia ;  Proc.  Acad.  Phiki 

1883,  p.  62. 
Eotherium  myptiacum,  Owen.  Eocene  ? :  Mokattam,  Oairo ;  Quart.  Joan.  GcoL 

Soc.  vol.  xxxi.  p.  100. 
FeUinotherium  Forestii,  Oapellini,  1872.     Pliocene:  Bioeto,  Bologna;  Man. 

deir  Acad,  delle  Sci.  dell'  Istit  di  Bologna,  ser.  iiL  torn.  i.  fi^c.  4,  pp.  605- 

634,  tav.  i.-vii. 
Gervaisii,  OapeUini,  1872.  Pliocene :  Siena,  op.  cit,  pp.  634-642,  tiv.  fiil 

{FeUinotherium  closely  resembles  Balicore : — i.  —  m.  -   -.) 

Halitherium  Serrmi^  Gervais.     Pliocene :  Montpellier ;  d'Estr^  (BoQciM»^- 

Bb6ne) ;  Gervais,  Zoologie  et  Pal^ontologie  PVancaises,  2h:id  edit  Fuii, 

1869.  p.  277. 
fosiiUt  Cuv.  sp.   Miocene :  St.  Maure,  Loire;  Angers,  \lftnnp^  Morbilm; 

Gervais,  op.  cit.  p.  281. 
BeaumontH,  Ohristol,  sp.    Miocene :  Beaucaire,  Gard,  Gerrais,  op.  cit, 

p.  281. 
Guetf4irdii,  de  Blainv.  Miocene  P :  Btrdehy  (Seine),  Ac  &a.  Gerrais,  op,  tit 

pp.  281,  282. 

aubiumy  Cuv.    Eocene :  Blaye,  Gironde,  Gervais,  op,  cit.  pp.  281,  282. 

beUunense,  Zigno,  1876,  MenL  del  Beg.  Ist  Veneto,  vol  xviiL  part  m. 

1876,  pp.  438-444,  tav.  xiv.  figs.  1-6,  tav.  xv.  figs.  1-7.    Miocene:  B^nno, 

Yenetia. 
angustifrons,  Zigno,  1876.    Ifiocene :  Belluno,  op.  et  loc.  cit,  pp.  441^413, 

tav.  rvi.  figs.  1-4. 

curvidens,  Ziffno,  1876.     Miocene :  BeUuno,  op.  et  loc.  cit.  pp.  443-44&. 

tav.  xvii.  figs.  1-4. 

veronense^  Zigno,  1876..    Miocene :  Belluno,  op.  et  loc,  cit  pp.  44MI9. 

tav.  xviii.  figs.  1-10. 

Schimij  ^up,  Beitrage  zur  naheren  Kenntniss  der  urweltL  Saugeth. 

1856.    Miocene:  Dam^tadt;  Miocene:  Malta. 

Canhami,  Plower.    Crag  (derivative) ;  Quart  Joum.  GeoL  See.  vd.  xn. 

pp.  1-7. 

Cuvierif  Owen.    Miocene :  Montpellier. 

sp.,  Van  Beneden.    Miocene  ("  Bolderian  **):  Elsloo,  near  Maestricht 

(Chirotherium)  Brocchii,  Bruno  (Owen,  cit.).    Miocene:  Herault 

,  sp.,  Zigno,  Mem.  Ist  Venet.  voL  xviii.  1876,  pp.  427-463.    Mioone: 

Cbalaif,  Isthmus  of  Suez. 
MenUcauIodon  tffbdiens.  Cope.    Eocene:  Shark  Biver. 
Manatus  Coulombi,  Filhol  (1878)  (named  after  M.  Coulomb,  the  discoveNrl 

From  the  Eo(^e  ?  Quarries,  Mokattam,  near  Cairo  (founded  on  three  Ucoi 

of  lower  jaw  like  the  Manatee) ;  BulL  Soc  Philom.  de  Pluis,  7*  a6r.  torn,  ii 

pp.  124, 126. 
tnomatuSy  Leidy.    Miocene  ? :  Phosphate  beds.  South  Carolina ;  Bepi  VA. 

GeoL  Survey,  i.  p.  336. 
Pachvacanfhus  frac^spondylus,  Brandt  (in  part^  Van  Beneden,  ememd.,  ]875i 

Miocene :  Nuss^rf ,  near  Vienna ;  BuU.  Acad.  Boy.  Soc  2Dud  ser.  t  xL  187^ 

pp.  323-340.    (Baaed  on  vertebrsB  and  ribs  of  a  Sireniao,)  ZooL  Beoord 

voL  xii.  1875,  p.  14. 
Prorastomus  sirenMa,  Owen.    Tertiary :  Jamaica ;  Quart  Jonin.  GeoL  Soe. 

1856,  vol.  xi.  pi.  XV.  figs.  l-«,  vol  xxxi.  pp.  659-567. 
Bkytinagiaas,  Zimmermann,  C^graph.  Cksellsoh.  1780.  Pleistocene :  BehriD|fs 

lalancC  ^Bhytina  SuUeri,  Desmareet,  1819. 
Bkytiodue  Capgrandi,  Lartet    Pliocene :  Basin  of  the  Garonne. 
TVach^heriim  Sanlkti,  Gervais.    Miocene :  LaB6ole,  Gironda,«p.  «tt.pp.  963; 
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We  thus  see  that  remains  of  Sirenians  are  met  with  over  the 
greater  part  of  Europe  (in  England,  Holland,  Belgium,  France, 
Germany,  Austria,  Italy),  and  in  the  deposits  of  analogous  age  in 
the  Isthmus  of  Suez  at  Chalaif,  and  the  quarries  of  Mokattam 
near  Cairo,  in  Afrioa. 

BihliograpMcal  List  of  Works  on  the  Sirenia. 
Stsllib,  G.  W.     '*De  BeBtiiB  marinis,  auctore  G^rg.  Wilhelm.  Stellero, 

Desoriptio  Manati  seu  Yaccae  marinas  HoUandorum,  Sea-oow  An^lorum. 

BusBorum  Morskaia  Eorowa,  oociss  d.  12  Jul.  1742,  in  insula  B^ringii, 

Americam  inter  et  Asiam  in  Canali  sita,"  pp.  294-330,  1745.    Mdm.  Acad. 

Sd.  St  P^tersbourg,  t.  ii.  1751. 
Bhandt,  J.  F.    "  SvmlwliB  SirenologicaB."    M6m.  Acad.  Imp.  Sci.  St.  P^ters- 

bourg,  1846, 6"^*  S^rie,  ii.  Part,  Sci.  Nat.  ▼.  vol.  4*"*  liv.  pp.  1-160,  Tab.  i.-v. 
Ibid,  7"®  S6rie,  Tol.  xii.  pp.  1-383,  Tab.  i.-ix. 
NoRDMANN  (A.  Ton).    '*  Boitragc  zur  Kenntniss  des  Kaoohen-Baues  der  Sh^/tma 

Stelleri."    4to,  HeLdngfors,  1861.    Acta  Sci.  Fenn.  tom.  vii. 
Blainville  (H.  M.  de).  '  Ost^graphie  ou  Description  Iconographique  compart 

du  Squelette  et  du  Sjstdme  Dentaire  des  cinq  Classes  d'Ammaux  Yert^br^s 

r^oents  et  fossiles ....  ouvrage  acoompagn6  de  planches  lithographi^es 

aoos  sa  direction  par  M.  I.  C.  Werner.'    Texte,  4  tom.,  &  AH&a,  4  torn. 

4to,  Paris,  1839-64. 
Kacp  (J.  J.).    '  Beitrage  zur  naheren  Kenntniss  der  urweltlichen  Saugethiere.' 

Heft.  1-5.    4to,  Darmstadt,  &c.  1854-61. 
Bbutvo.     "  IlluBtrazione  di  un  nuoro  Oetaceo  fossile.*'    Mem.  Acad.  Sci.  Tor. 

ser.  ii.  toI.  i.  pp.  143-160  (with  2  plates). 
liBFSius,  Prof.  G.  B.     "Der  foss.  Sirene,  Hcditherium  Schinzi,  d.  Mainzer 

Beckens.**  Abhandlungen  mittelrheinisohen  geol.  Vereines. 
STBimcGEB,  L.    Proc  United-States  Nat.  Mus.  yi.  78 ;  records  disooTory  of 

Hh/tina  in  Commander  Islands. 
Waixace,  a  B.    '  G^eographical  Distribution  of  Animals,'  1876,  vol.  i.  p.  119. 
liEiDY,  Prof.  J.    *  Description  of  Vertebrate  Bemains  from  the  Phosphate  Beds 

of  South  Carolina.'  Philadelphia,  1877,  p.  214 ;  and  Holmes,  'Post-Pliocene 

Fossils  of  South  Carolina.* 
Owen,  Bichard.    "  Description  of  the  Anatomy  of  the  Dugong  from  Penang." 

Proc.  Zool.  Soo.  Lond.,  Mar.  27,  1838,  pp.  28-45. 
BoGKB,  C.    "  Liste  der  bis  jetzt  bekannten  Saugthiere."    Corresp.-Blatt.  d.  Yer. 

Begensburg,  1880,  p.  165 ;  1881,  pp.  27,  52,  117,  &  162. 
Pybowski,  B.    Proc.  Zool.  Soc.  1883,  p.  72 ;  25ooL  Becord,  1882  (83),  p.  35. 
Fbantzius.   In  Wie^pnann's  ArchiT,  1869,  pp.  300-^304 :  "Manatus  americanuB, 

Notes  on  the  Distribution  of,  in  Central  America." 
Braitdt,  J.  F.     "  Notes  on  the  Extinction  and  former  Distribution  of  RhtftinaJ* 

BulL  Imp.  Acad.  St.  P6tersbourg,  xi.  1867,  pp.  44&-451. 
.     "  Cyamus  Rhytirus.'"   M6m.  Acad.  St.  P^tersb.  1871 ,  Tol.  xvii.  No.  7 ;  and 

Ann.  &  Mag.  Nat.  Hist.  1872,  pp.  306-313. 
Claudius,  Prof.    "  On  the  Organs  of  Hearing  in  Rhytina,**    M^m.  Acad.  Sd. 

St.  PAtersb.  1867,  toL  xi.  No.  5,  2  plates. 
Kraus.     "Manatee  (the  pelvic  arch-bones  of)."     Arch.  Anat  Physiol.  1872, 

pp.  257-292. 

.     "Halicare:'     Op.  cwf.  1870,  pp.  525-^14. 

MuaiE,  Dr.  J.   *"  On  the  Form  and  Structure  of  the  Manatee."  Trans.  Zool.  Soc 

ToL  TiU.  1872.  pp.  127-202,  plates  17-26. 
Owen,  Bichard.    ''Anatomy  of  the  Dugong."  Proc.  Zool.  Soc.  Lond.  1838, 

pp.  28-45. 
0KRYAI8,  Paul.    "  Extinct  Sirenia."  Journal  de  Zoologie,  tome  i.  1872,  p.  332. 
NoBDKHSKioLD,  A  B.     '  The  Voyage  of  the  Vega  round  Asia  and  Europe,'  in  2 

TOls.,  vol.  ii.  pp.  272-281. 
Gkbvais,  Paul.    '  Zoologie  et  Paltontolode  Francaise,*  2nd  edition,  1859. 
Flowkb,  W.  H.    Order  Sirenia,  Article  "Mammalia/'  in  Encyclopaedia  Britan- 

nica,  9th  edition,  yoL  xt.  1883,  pp.  389-391. 

,    Article  "  Manatee,"  op,  cit.  pp.  456,  457. 

Aludt,  J.  A.    "  Oetaoea  and  Sirenia,"    Bull.  IJ.  S.  GboL  Sor?.  toI.  yi.  p.;99.  i 
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differences  are,  I  think,  fairly  attributable  to  mutilation  and  com- 
pression. The  symmetry  of  their  junction  with  the  azygos  bar 
strongly  favours  the  belief  that  we  see  here  preserved  the  undis- 
turbed normal  relation  of  the  several  parts.  On  this  supposition 
the  two  divergent  rods  occupy  precisely  the  position,  and  they  have 
the  same  relation  to  the  azygos  bar  or  interdaviole  (PL  XIY. 
fig.  3,  id)  as  the  clavicles  in  extant  Lacertilia ;  for  the  apposition  of 
their  outer  ends  to  the  process  termed  **  acromial "  on  the  anterior 
border  of  the  scapula  will  hardly  be  doubted. 

The  azygos  piece  (Fl.  XIY.  fig.  1,  icl)  has  the  form  of  a  kmf: 
fiattened  bar,  ^e  width  of  which  appears  to  increase  slightly  from 
that  which  I  regard  as  its  anterior  end  to  a  point  about  9*5  am. 
behind  the  clavicles,  and  thence  to  decrease  slightly  to  the  posterior 
extremity.  The  anterior  extremity,  which  advances  slightly  in  front 
of  the  mesial  ends  of  the  clavicles,  is  indented  at  its  middle.  The 
posterior  margin  is  nearly  straight,  but  I  do  not  feel  certain  that 
this  is  a  natural  edge,  and  that  the  bar  may  not  originally  have 
been  somewhat  longer.  The  lateral  borders  for  the  space  of  7  cjd. 
behind  the  clavicles  to  the  point  where  the  bar  attains  its  greatest 
width  are  smooth  and  arcuate,  suggestive  of  having  formed  a  small 
segment  of  a  long  curved  articular  groove  for  the  reception  of  an 
epicoracoid;  whilst  the  remainder  of  the  border  behind  this  is 
rough,  uneven,  and  apparently  non-articular.  A  mesial  ridge  or 
low  keel  divides  the  bar  longitudinally.  Its  greatest  elevation  \b 
about  1*5  cm. 

Measurements  of  Azygos  Bar, 

Length 39-4  cjn. 

Width  at  anterior  extremity ll'O     „ 

Maximum  width,  behind  clavicles 16*3    „ 

Length  of    exposed   arcuate  part  of 

lateral  margin  about 7*0     „ 

Width  at  posterior  end  of  bar    10*0     „ 

What  is  this  azygos  bar?  That  it  comprises  the  intendaTiele 
(ParJcer)  (=epistemum  of  some  authors,  the  clavicular  sternum, 
Hoffmann)^  is,  I  submit,  demonstrated  by  its  connexion  with  the 
davicles,  which,  as  I  have  already  said,  agrees  with  that  obtaining 
in  existing  Lacertilia.  But  does  it  comprise  the  sternum  (costal 
sternum,  Hoffmann)  also?  Marks  of  connexion  of  costs  with 
its  latoral  borders  would  be  decisive  of  this,  but  none  are  recog- 
nizable. The  extent  of  the  arcuate  part  of  the  lateral  border 
is  quite  incommensurate  with  the  size  of  the  aro  which  we  know 
the  mesial  border  of  the  epicoracoid  must  have  had.  Lastly,  the 
figure  of  the  azygos  bar  is  quite  unlike  the  shield-like  sternum  of 
extant  Lacertilia  and  Crocodilia. 

These  considerations  weigh  with  me  in  regarding  the  azygos  bar 
as  an  interdavide  only — the  homologue  of  that  of  now  hfing 
Lizards,  and  of  the  bony  sternum,  so  called,  of  extant  Crocodilea- 
If  this  view  is  correct,  the  bar  was  splinted  to  a  shield-like  stanum 
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bearing  ribe.  The  non-recovery  of  such  a  sternum  by  Mr.  Beckles, 
when  we  bear  in  mind  that  under  his  personal  superintendence  a 
very  considerable  part  of  the  skeleton,  including  both  fore  Umbs, 
was  exhumed,  favours  the  suggestion  that  I  threw  out  in  my  Pre- 
sidential Address  in  1882,  that  the  sternum  in  Iguanodon  may  have 
been  cartilaginous,  as  in  living  Crocodiles. 

EXPLANATION  OP  PLATE  XIV. 

Fig.  1.  The  olAvioles  with  the  interolaviole.     Half  natural  size.    In  Mr.  BeokWs 
collection. 

2.  The  bones  suggested  hy  DoUo  as  the  moieties  of  the  sternum. 

3.  Schema  of  the  restored  pectoral  arch. 

The  following  lettering  applies  to  all  the  figures: — cl,  davicle;  icl,  inter- 
clavicle ;  cor,  coraooid ;  ep,  cor,  epicoracoid ;  sc^  scapula ;  cs,  costoB ;  sf,  (carti- 
laginous?) sternum. 

Discussion. 

The  Pbbsident  congratulated  the  Author  on  the  interesting  dis- 
oovery  he  had  made  in  connexion  with  the  anatomy  of  the  Dino- 
saurs. 
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35.  The  LowEB  PALisozoic  Bocks  of  the  Neighboubhood  of  Hatbb- 
FOBDWBST.  By  J.  E.  Mabb,  Esq.,  M.A.,  F.G.8.,  Fellow  of 
St.  John's  College,  Cambridge,  and  T.  Bobebis,  Esq.,  B-A^ 
F.G.S.,  St.  John's  College,  Cambridge.    (Bead  June  10, 1885.) 

[Plati  XV.] 

§  1.  Introductory. 

The  country  around  Haverfordwest  is  of  great  interest  to  geologistB, 
first,  on  account  of  the  evidence  furnished  therein  of  the  relations 
of  the  graptolite-bearing  beds  to  the  strata  which  are  characterized 
by  the  presence  of  higher  organisms,  and  secondly,  from  the  nature 
of  the  foldings  which  the  rocks  of  the  district  have  undergone. 

We  propose,  in  this  communication,  to  devote  our  attention  to  the 
former  of  these  subjects. 

Our  wofk  is  based  upon  that  which  has  been  done  by  the  €^eo- 
logical  Survey,  and  published  in  Sheet  40,  Horiiontal  Sections,  Nos. 
1  &  2,  and  Mem.  Geol.  Survey,  vol.  ii.  part  i. 

Whilst  fully  acknowledging  the  great  value  of  these  publications, 
we  think  it  desirable,  now  that  our  knowledge  of  the  forms  of  hfo 
occurring  in  these  rocks  has  been  so  much  increased  by  the  labonzs 
of  many  geologists  in  recent  years,  to  attempt  a  more  minute  classifi- 
cation of  the  rocks  of  this  district  than  thai  adopted  by  the  Govern- 
ment Surveyors.  In  our  opinion,  this  further  description  of  the  beds 
will  throw  considerable  light  upon  the  character  of  the  movements 
which  the  district  has  undergone. 

Our  thanks  are  due  to  Dr.  Hicks  for  the  very  kind  way  in  which 
he  placed  a  series  of  specimens  collected  by  himself  at  our  disposal 
We  have  also  to  thank  Prof.  Lapworth  for  his  kindness  in  examining 
our  collection  of  graptolites. 

The  area  which  we  have  chiefly  examined  is  a  well- defined  tract 
(see  Map,  PL  XY.  fig.  1),  about  eighteen  miles  in  length  from  east 
to  west,  and  having  an  average  breadth  of  five  nules,  lying  to  the 
north  of  the  towns  of  Haverfordwest  and  Narberth.  It  is  bounded 
on  the  north  by  a  great  fault,  running  from  Boch  Castle  in  an 
easterly  direction,  along  the  margin  of  a  mass  of  rock  which  Dr.  Hieks 
has  claimed  as  Fre-Cambrian.  On  the  west  and  south,  the  Lower 
PalsBozoic  rocks  of  this  tract  are  succeeded  by  Old  Bed  Sandstone 
and  Carboniferous  deposits,  and  on  the  east,  a  considerable  extent  of 
Ilandeilo  limestone  is  represented  on  the  G^eological  Survey  map. 

Within  this  area  is  a  portion  of  a  wide  synclinal,  complioated  by 
minor  foldings,  running  from  near  Clynderwen  Station  on  the  east, 
to  the  Coal-measures  on  the  west.  South  of  this  is  a  complicated 
anticlinal  in  the  neighbourhood  of  Narberth. 

§  2.  Establishment  of  the  Succession^ 
1.  Lingula  Flags. — To  the  north  of  the  great  fault  alluded  to  as 
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mnning  eastward  from  Koch  Castle^  north  also  of  the  Fre-Oamhrian 
ridges,  parallel  with  this,  are  hlack  iron-stained  slates,  weathering 
olive-grey  or  yellowish,  generally  dipping  north.  They  are  well 
seen  near  Leweston,  Trefgam  Bridge,  and  Spittal  Cross.  At  Lewes- 
ton  Old  Mill  they  have  yielded : — 

Agnostus  pisiformis,  Lin»,  i   Olenus  spinulosus,  Wahl, 
,  Tap.  BOcialiB,  Tullb.  \ 

At  Trefgam  Bridge  the  following  very  important  section  occurs  in 
a  qnarry  by  the  roadside,  close  to  the  fourth  milestone  from  Haver- 
fordwest (fig.  2). 

The  shales  are  considerably  disturbed,  and  contain  a  fair  number 
of  fossils  of  the  same  species  as  those  found  at  Leweston  Old  Mill. 

The  coDglomerate  adheres  to  an  ashy-looking  rock  of  Pre-Cambrian 
(?)  age,  with  nearly  vertical  divisional  planes,  the  origin  of  which  we 
were  unable  to  determine. 

The  fossils  found  in  these  two  localities  prove  that  these  beds  are 
Lingula  flags.  Dr.  Hicks  has  recorded  the  presence  of  Lingula 
Flags  about  this  spot  (Q.  J.  G.  S.  vol.  xxxv.  p.  287),  but  gives  no 
fossil  list ;  and  it  is  interesting  to  find  that  his  determination  of  the 
age  of  the  beds,  based  presumably  upon  lithological  characters,  is 
fully  borne  out  by  the  fossil  evidence. 

To  the  south  of  the  great  fault,  much  newer  beds  occur,  so  that 
we  are  unable  to  record  the  occurrence  of  Tremadoc  and  Arenig 
fossils  in  the  area  under  consideration. 

2.  Didymograptus  Shales, — ^These  beds  occur  in  the  complicated 
anticlinal  to  the  east  of  Narberth,  and,  next  to  the  Lingula  Flags, 
are  the  oldest  beds  we  have  met  with  in  the  tract  of  country  we 
have  examined.  They  consist  of  black  graptolite-shales  of  the 
ordinary  type,  crowded  with  "tuning-fork"  Didymograptiy  and  con- 
taining also  small  homy  brachiopods  and  fragments  of  trilobites. 
Didymograptus  Murchisoni  occurs  in  abundance.  That  these  beds 
are  undemeath  the  Uandeilo  limestone  is  shown  by  their  occurrence 
in  an  anticlinal  arch  between  the  limestone  of  Llan  Mill  and  that 
of  Lampeter  Velfry.  The  southern  arch  of  this  anticlinal  is  vertical, 
and  even  reversed  in  places,  but  it  is  indicated  as  an  anticlinal  in 
the  horizontal  section  No.  2  of  the  Geological  Survey.  The  lime- 
stone of  Lampeter  Yelfry  is  a  faidted  synclinal,  and  to  the  north 
occurs  another  anticlinal,  between  Lampeter  Velfry  and  Llandewi 
Vel&y,  and  here  again  the  Didymograptus-shsXeB  are  found,  and  have 
yielded  Didymograpti  by  the  roadside  west  of  "  LI "  in  "  Llandewi 
Velfry." 

The  same  fossils  are  found  in  similar  shales  near  Whitland,  below 
the  limestone,  but  at  some  distance  from  its  outcrop. 

Prof.  Lapworth  (Ann.  &  Mag.  Nat.  Hist.  Ser.  6.  vol.  iii.  p.  59)  also 
places  the  DidymograpiuS'^hiHea  of  this  area  below  the  Llandeilo 
limestone. 

3.  IZandetlo  Limestone, — ^The  well-known  black  limestone  of  Llan 
Mill,  Lampeter  Velfry,  Llandewi  Velfry,  &c.,  interstratified  with 
black  shales.     It  is  frequently  crowded  with  fossils,  and  the  following 
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are  preserved  in  the  Geological  Surrey  Museum  from  ihe  limestone 
of  this  region : — 

Monticulipora  favulosa,  PhilL  Trmudeos  farus,  StUt. 

Beyrichia  complicata,  Salt. 
Oalymene  cambrensis,  Salt. 
Asaphus  tjrannuB,  Murch. 


Leptasna  serioea,  Sow. 
OrthiB  striatula,  Conr, 
Ac     &0. 


The  limestone  is  also  seen  north  of  Stoneyford,  on  the  road 
between  Narberth  and  Cljnderwen  Station ;  and  similar  limestone, 
which  has,  however,  not  furnished  us  with  any  fossils,  occurs  at 
Bullhook  and  Camrose,  as  marked  on  the  Geological  Survey  mi^ 

4.  Bicrdnograptus  Shales. — ^These  beds  immediately  succeed  the 
liandeilo  limestone  of  Llandewi  Yelfry,  and  are  seen  above  the  lime- 
stone quarry  at  "  P  "  in  "  Parsonage.'*  They  are  black  shales,  with 
some  grit  bands,  and  are  usually  crowded  with  graptolites,  including 
Dicranograptus  ramosus,  Climacograptus  hirornisj  &c.  We  have 
nowhere  seen  a  section  giving  the  complete  series.  At  Llandewi 
Velfry  there  is  room  for  about  50  feet  of  shales  between  the 
UandeUo  limestone  and  the  beds  above  the  shales,  but  it  is  v^ 
doubtful  whether  the  whole  of  the  shales  are  now  ropresented  here. 
The  uppermost  beds  of  the  series  certainly  occur  at  this  locality. 
They  are  well-defined,  flaggy  and  sandy  black  shales,  characterised 
especially  by  the  abundance  of  Orthis  argenUa^  His.,  and  may  there- 
foro  be  spoken  of  as  the  zone  of  Orthis  argentea. 

Dr.  Hicks  (Q.  J.  G.  S.  vol.  xxxi.  p.  178)  also  places  the  liimdeilo 
limestone  between  the  Didymograptus-  and  Dicratw^rap^tia-shales. 

Confirmatory  sections. — ^The  DicranograptuS'^lieleB  are  exposed  to 
a  considerable  extent  to  the  north  of  the  complex  syndinaL 

On  the  west  side  of  the  Western  Cleddau,  tiiey  occur  much  folded 
in  the  neighbourhood  of  Camrose,  and  at  Camrose  Mill  the  Dierano^ 
graptus  beds  are  again  seen  succeeding  the  liandeilo  limestone.  At 
Wolfsdale  they  have  yielded  Ogygia  Buchii.  On  the  east  side  of 
the  Western  Cleddau  the  beds  set  in  at  Rudbaxton,  and  we  have 
found  graptolites  at  Green  Plain,  south  of  Trofgam  Bridge.  At 
Clarbeston-Road  Station  also  graptolites  occur.  The  beds  can  then 
be  traced  in  several  sections  along  the  railway  as  at  Pendwr,  Long- 
ridge  Bridge,  and  Blaen  Waen,  between  Clarbeston-Boad  and  Clyn- 
derwen  Stations,  and  they  appeeur  to  overlie  the  Llandeilo  limestone 
south  of  Bullhook,  although  the  two  aro  not  in  dose  proximity. 
These  beds  aro  also  brought  up  by  folds  to  the  south  of  this.  North 
of  Stoneyford  they  lie  immediately  over  the  Llandeilo  limestone.  The 
Orthis-argentea  zone  is  seen  near  Grondro,  at  Eobeston  Wathen,  and 
at  Prendergast,  but  no  LlandeOo  limestone  is  exposed  at  these 
places. 

We  have  then  several  independent  sections  showing  the  DicraHO- 
^ropfu^-shales  immediately  succeeding  the  Llandeilo  limestone,  and 
the  latter  may,  indeed,  be  looked  upon  as  meroly  a  calcareous 
development  of  the  black  shales  which  occur  below,  within^  and 
above  it 

The  fossils,  other  than  graptolites,  of  the  Diomno^ropdir-shales, 
occur  chiefly  in  the  Orthis-argentea  zone,  with  the  exception  of 
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Ogygia  BwMu  In  that  zone  we  find  TurnUpas  sp.,  Heurotomaria 
and  Orthoceras,  SipTumotreta  micula  also  occurs  in  abundance,  as 
well  as  in  lower  zones,  and  other  homy  brachiopods  are  common. 

5*  RohesUm  Wathen  Limestone, — ^This  deposit  is  best  known  as 
occurring  at  the  village  of  Eobeston  Wathen,  where  a  quarry  to  the 
north  of  the  church  contains  a  black  limestone  with  interbedded 
black  shales,  dipping  S.S.W.  The  calcareous  bands  are  crowded 
with  HalysUes  catenularius^  and  other  fossils  occur,  including  Orthis 
elegantula^  Dalm.     Trilobites  are  rare  and  fragmentary. 

(It  is  to  be  noticed  that  many  of  the  fossils  from  this  locality  in 
the  Jermyn-Street  Museimi  are  not  from  this  limestone,  but  from 
higher  beds,  to  be  described  presently.) 

As  the  section  here  b  an  important  one,  a  figure  of  it  is  added 
(PL  XV.  fig.  3). 

The  graptoHte-shales  are  seen  by  a  stream  immediately  below  the 
quarry,  dipping  under  the  limestone.  These  shales  belong,  as  stated 
above,  to  the  Orthia-argentea  zone,  and  the  limestone  itself  appears 
to  be  a  calcareous  development  of  the  upper  part  of  these  shales. 

Confirmatory  Sections. — Near  (Jrondre,  two  miles  north-west  of 
Bobeston  Wathen,  the  same  limestone  is  seen,  as  represented  on  the 
Geological  Survey  map.  It  is  crowded  with  Halysites^  as  at  Robeston 
Wathen,  and  is  here  nearly  vertical.  In  a  quarry,  at  this  place,  the 
black  limestone  is  associated  with  an  ashy-looking  limestone  which 
yielded  a  cystidean,  and  which  is  apparently  the  representative  of 
the  lowest  stage  of  the  next  series  ;  but  the  relations  of  the  two  were 
not  determined.     Fossils  of  the  black  limestone  at  Grondre : — 

SyringophjUum  or^anum,  lAnn.  i    Illanus  Bowmanni,  Salt, 

Halyatee  catenulanus,  Linn,  I   Orthis  AotoniA,  Sow. 

Petraia  oquisulcata.  M^Coy.  | 

To  the  north-east  of  the  limestone  quarry,  in  a  small  quarry  in  a 
field  dose  to  Grondre  farm,  the  Orthis-^rgentea  shales  are  dipping 
north.  The  limestone  strikes  as  though  it  would  pass  above  the 
shales.  The  tract  between  Grondre  and  Bobeston  Wathen  is  much 
disturbed,  newer  beds  being  faulted  and  folded  in. 

At  liandewi  Velfry,  tie  Orthis-argentea  shales,  which  occur 
some  way  above  the  liandeilo  limestone,  pass  up  into  fiaggy  black 
limestone  like  that  of  Bobeston  Wathen. 

At  Pron,  1|  mile  north-east  of  Liandewi  Velfry,  where  the  lian- 
deilo limestone  is  not  seen,  the  Orthis^rgentea  shales  are  found  in  a 
small  roadside  exposure,  dipping  a  little  north  of  west ;  and  on  the 
bill- side  to  the  west  of  this  and  above  it,  black  limestone  is  exposed 
in  a  quarry,  presenting  an  appearance  quite  similar  to  that  of 
Robeston  Wathen,  also  with  abundance  of  Halysites^  and  amongst 
other  fossils  the  following : — 


Heliolites  interstinctus,  WahL 

dubius,  Schmidt. 

Petraia  sqaisulcata,  M'Ck>y, 

elongata,  Fhill, 

nUenus  Bowmanni,  Salt, 


Glaoconome  distioba,  Goldf. 
OrtbiB  AotoniflB,  Sow, 

oalligramma,  Dalm, 

Leptiena  transrersalis,  Wahl. 
Strophomena  rhomboidalis,  WUek, 


At   Prendergast,   north  of  Haverfordwest,   the   Orthis-argentea 
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shales  are  seen  in  a  lane  north  of  the  church,  dipping  north,  and 
they  are  very  flaggy  and  calcareous  towards  the  summit,  but  lime- 
stone bands  do  not  occur  as  in  the  above  localities. 

The  section  seen  in  this  lane,  and  in  a  quarry  immediately 
to  the  east  of  it,  is  shown  in  PI.  XV.  fig.  4. 

6.  Trinudeus-setkomis  Beds, — ^These  are  subdivided  into  three 
:e8,  viz. : — 

(a)  Sholeshook  limestone. 

(h)  Eedhill  shales. 

(c)  Slade  calcareous  shales. 

The  beds  succeeding  the  BobestOn  Wathen  limestone  consist 
mainly  of  blue-grey  shales,  weathering  olive-green,  with  a  con- 
siderable development  of  calc€Lreous  matter  at  the  base  and  summit. 

The  form  Trinucleus  seticomis,  or  its  variety  Bucklandi^  occurs 
throughout,  and  is  very  characteristic  of  these  beds,  which  may 
therefore  be  spoken  of  as  the  Trinucleus-uticornis  beds. 

(a)  Sholeshooh  Limestone, — ^At  Bobeston  Wathen,  the  central 
part  of  the  quarry,  as  shown  in  the  section  (fig.  3),  contains  the 
upper  portion  of  these  beds  immediately  succeeding  the  Bobeston 
Wathen  limestone.  It  differs  considerably  firom  that  limestone  both 
lithologically  and  palseontologically.  Whereas  the  black  limestone 
is  evidently  a  calcareous  development  of  the  black  shales,  the 
calcareous  band  we  are  now  considering  is  no  lees  clearly  a 
member  of  the  blue-grey  shales ;  and  this  is  also  true  of  the  lower 
zones  which  occur  in  other  localities.  The  following  fossils  occurred 
in  this  calcareous  band : — Hdiolites  interstinctus,  WdiL,  Glypiocrinus 
basaliSj  M*Coy,  Trinticleus  seticomisj  ffis.,  Phaeops  Brongniarti^ 
Portl.,  P.  dlifrons  ?,  Holopdla^  Orthoceras, 

The  actufld  limestone  appears  to  have  been  crushed  out  at  this 
point,  the  fossils  occurring  in  calcareous  shales  which  are  elsewhere 
seen  immediately  above  the  limestone  itself. 

Confirmatory  Sections. — ^At  Prendergast,  as  seen  in  ^.  4,  the 
uppermost  member  of  the  Orthis  argentea  beds,  which  is  there 
calcareous,  is  succeeded  by  greenish,  impure  limestone,  crowded  with 
fossils,  especially  trilobites,  although  the  limestone  itself  is  much 
crushed.  The  fossils  are  similar  to  those  of  Bobeston  Wathen,  but 
are  much  more  abundant.     The  following  occur : — 

Homalonotus  ? 

TrinucleuB  aetioomis,  rar.  BocUaodi, 

B<ar. 
Agnostus  trinodaB,  Soli. 
Orthie  eleguitiilA,  Dalm, 
Leptona  quinqueoosUta,  dPCoy. 

aerioea,  Sow, 

tenoioinota,  APCkw, 

Strophomena  rhomboioalia.  Wild, 

Ctenodonta  ? 

Bellerophon  bilobatuB,  Som, 

Orthoceras. 

CyrtooeniB  sonax.  Salt, 


Halysitefl  catenularias,  lAnn, 

Petnda. 

Grinoid  and  cystoid  frajzmentB. 

Tentaculites  anglicus,  Salt, 

Phaoops  mucronatua,  Brongn.,  yar. 

alifroiia,  Salt.  ? 

Cheirurua  bimaoronatua,  Mwrch. 

juvenis.  Salt. 

octolobatus,  M^Coy, 

Lichaa  laxatua,  M^Ccy. 

Stygina. 

Oy&le  Temiooaa,  Dalm. 

Illflenus  Bowmanni,  Salt, 


At  Sholeshook  a  splendid  section  is  exposed  in  the  railway- 
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cutting.  The  beds  here  are  of  the  same  nature  as  at  Prendeigast, 
but  the  calcareous  matter  is  mainly  collected  into  nodules.  The 
general  dip  is  northerly,  and  the  beds  which  appear  to  dip  under 
the  Sholeshook  limestone  are  probably  newer  beds  brought  down  by 
8  faulted  overfold.  To  this  part  we  shall  refer  presently.  Although 
the  Sholeshook  section  does  not  assist  us  in  determining  the  rela- 
tionship of  this  calcareous  band  to  the  older  beds,  it  is  important  as 
containing  so  many  fossils,  and  being  a  well-known  fossil  locality. 
The  following  list  of  fossils  from  this  place  is  compiled  from  the 
specimens  in  the  Jermyn-Street  Museum,  those  collected  by  ourselves, 
and  those  noticed  by  Tornquist  (Ofv.  af  K.  V.-A.  Forhandl.  Stock- 
holm, 1879,  No.  2,  p.  70). 


Farofiites  fibrosus,  Goldf, 
Chntetes  petropolitana,  Fcmd. 
OystideaxiBCcf.  Mem.Geol.Surr.ToLiii.). 
Beyriohia  strangulata,  SdU. 
Agnostus  trinodus.  Salt, 
Amp3rx  tumidus,  Forbes, 
Trinucleos  seticornb,  His. 

,  var.  BucUandi,  Barr. 

Bemopleurides  longicostatuB,  PortL 

radians,  Barr. 

dorso-spinifer,  Portl. 

Stygina  latifrons,  Portl. 
nlienuB  Bowmanni,  Salt, 
lichaa  laxatus,  M'Coy. 
Oalymene  fatua.  Salt.,  M8. 
pyphaspis  megalops,  M'Coy, 
PmllipBia  parabola,  Barr. 


Oybele  verrucosa,  Balm, 

Loveni,  Linnrs, 

Encrinurus  sexoostatus,  Salt. 
Cheirurus  bimuoronatus,  Murch. 

octolobatus,  M'Coy. 

juvenis,  Salt. 

Bphserexochus  boops,  SaU. 

angustifrons,  Ang. 

PhacoDB  aratus,  SaU.,  MS, 

Brongniarti,  PwU. 

Glauoonome,  n.  sp. 
Lept«na  sericea,  Sow. 

tenuicincta,  M'Coy. 

Orthis  teetudinaria.  Balm, 

oaUigramma,  Balm. 

Cjrtoceras  sonax,  Salt. 
Troohoceraa  comu-arietis,  Sow. 


At  the  schoolhouse  north  of  Pelcomb  Cross  (3  miles  north-west  of 
Hayerfordwest),  the  Orthis-argentea  shales  are  seen  by  a  small 
stream  to  the  west  of  the  road,  dipping  in  a  southerly  direction. 
South  of  this,  a  quarry  by  the  roadside  contains. beds  apparently 
overlying  the  Ortkis-argentea  shales.  These  consist  of  crushed  calca- 
reous shales  of  a  greenish  colour,  quite  like  those  of  Sholeshook  and 
Prendergast.  There  is  room  between  the  Orihia-argentea  shales  and 
the  quarry  for  the  Eobeston  Wathen  limestone,  but  no  exposure  is 
seen.  This  quarry  is  probably  the  place  from  which  Prof.  Phillips 
obtained  the  fossils  mentioned  in '  Memoirs  of  the  Oeological  Survey,' 
vol.  ii.  pp.  235  et  seq.  The  following  occur  here : — 
Agnostiis  trinodus,  Salt, 
Ampyx  tumidus,  Forbes, 
Cybele  LoTeni,  lAnnrs, 
ESticrinurus  sexcostatus,  Salt. 


StaurooephaluB  globioeps,  Portl. 
'      '  Port 


Phacops  Bronguiarti,  Portl. 
Phillipsia  parabola,  Barr. 
Trinucleus  setioomis,  var.  Buoklandi, 
Barr, 


IllaBnas  (young). 

Gheirurus  bimucronatus,  Murch, 

These  beds  can  be  traced  to  the  north  of  West  Pelcomb,  where 
similar  fossils  are  found,  and  Trinucleus  Bucklandi  is  specially 
abundant,  and  well  preserved.    Chexruras  juvenU  also  occurred  here. 

On  the  north  side  of  the  complex  synclinal,  calcareous  beds  aro 
seen  by  the  platform  on  the  south  side  of  Clarbeston-Boad  Station, 
where  Trinuchus  Bucklandi  is  found  in  plenty  with  : — 
Phaoops  Brongniarti,  Portl.  I   Leptmna  tenuicinota,  MCoy. 

HomaknotuB?  | 
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On  the  north  platform,  the  Dicranograptug-shsles  are  seen,  dipping 
as  though  to  pass  under  the  calcareous  beds,  and  a  small  thickness  of 
these  occurs  on  the  south  side,  just  at  the  east  end  of  the  platform. 
Although  the  two  series  are  there  seen  in  apposition,  a  small  fiault 
must  occur  along  the  line  of  strike,  cutting  out  the  greater  part  of 
the  calcareous  beds ;  for  the  summit  of  the  graptolite-shales  (the 
Orihis-argentea  zone),  the  Robeston  Wathen  limestone,  and  the 
lower  part  of  the  Sholeshook  limestone  stage  are  absent. 

(6)  Redhill  Beds. — We  have  named  these  beds  after  the  farm  of 
Redhill,  two  miles  north  of  Haverfordwest,  where  a  quarry  by  the 
roadside  shows  a  good  section  of  the  beds,  which  are  also  fairly 
fossiliferous  here.  (As  a  general  rule,  fossils  are  somewhat  scarce 
in  them.)  They  consist  of  blue-grey  shales,  weathering  olive-green. 
In  all  cases  where  the  Sholeshook  limestone  is  seen,  it  is  found  to 
pass  gradually  up  into  these  beds  by  disappearance  of  the  calcareous 
material.  We  have  obtained  fossils  from  the  Kedhill  beds,  at 
Redhill,  Pelcomb  Bridge,  and  Wolfsdale  Well,  on  the  west  side  of 
the  Western  Cleddau;  and  at  Prendergast  Mill,  Crundale,  and 
Robeston  Wathen,  on  the  east  side  of  that  river.  The  list  here 
given  shows  the  principal  fossils  obtained  from  these  localities : — 


Chaetetes,  sp 

Stenopora,  sp 

Crinoid,  arms  of 

Phacops  mucronatus,  Brongn,^  var.. 

alifrons,  6a^.  ?   

Brongniarti,  Por^/. 

Calymene,  sp 

Trinucleus  Bucklandi,  Barr 

Ampyx  roetratUB,  Sars 

Homalouotus  bisulcatus,  8aU 

£ncrinurus,  sp 

Lingula 

LepUena  serioea,  Sow 

tenuicincta,  M'Coy,    

Strophomena  rhomboidalis,  WUck.  . 

Orthis  elegantula,  Balm 

oalligramma.  Balm 

Modiolopsis?   

Area  diasimilis,  PortL 

innevenA,  PortL    

Holopea  ooncimia,  3f'CV>y 

Pleurotomaria,  sp 

Bellerophon,  sp 

Ecculiomphalus  Buoklandi,  PortL,... 

Orthooeras  gracile,  P<?r^/.   

Oyrtooeras,  sp. 


* 
* 
*    i    • 


III 


*     I 


The  large  tract  of  countrj^  west  of  the  Western  Cleddau  occupied 
by  these  Redhill  beds,  is  due  to  frequent  repetition  by  folds,  and  the 
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same  has  taken  place,  bat  to  a  less  extent,  on  the  east  side  of  the 
river. 

(c)  Slade  beds. — These  succeed  the  Eedhill  stage  at  Lower  Slade, 
immediately  north  of  Haverfordwest,  on  the  west  side  of  the 
Western  Cleddan.  They  are  seen  by  the  roadside,  and  also  in  a 
cutting  near  the  mill.  From  the  latter  place,  we  have  examined  a 
number  of  fossils  presented  to  the  Woodwardian  Museum  by  Dr. 
Hicks.  To  the  sou^  they  are  faulted  against  Lower  Llandovery  beds, 
the  fault  being  seen  in  section  in  the  road-cutting. 

The  beds  consist  of  gritty  green  shales,  with  weathered  calcareous 
bands,  very  similar  in  lithological  character  to  the  well-known 
Lower  Llandovery  beds  of  this  district,  but  the  fossils  are  to  a 
considerable  extent  different.  Trinueleus  seticomis  is  fairly  common, 
and  has  never  been  found  in  the  Lower  Llandovery  beds  of  this 
area.  Many  calcareous  bands  of  this  stage  are  crowded  with 
Phyllopora  Hisingeri,  M'Coy.     Among  the  fossils  at  Slade  are : — 

Glauoonome  distdoha,  Gol^f, 
Lingula. 


Stenopora,  sp. 

GlyptocrinuB  basalis,  M*Ccy, 
Tentaoulites  anglicus,  8aU. 
Oalymene  Blumenbaohii,  Brongn, 
Phacops  Brongniartd,  Portl, 
lUaenus  MurcmBoni,  Salt  ? 

Bowmaimi,  Salt, 

Homalonotus  biraloatiis,  Salt, 
Trinuoleus  setioornis.  His. 


Strophomena  rhomboidalis,  WUok.  ? 

corrugatella,  Dav. 

Leptana  sericea,  Sow. 
Orthia  biforata,  Schloth. 

elegantula,  Dalm. 

testudinaria,  Dalm, 


On  the  east  side  of  the  Western  Gleddau,  these  Slade  beds  occur 
in  a  lane  north  of  Crundale,  dipping  away  from  the  Eedhill  beds  of 
that  locality,  which  appear  to  pass  under  them.  They  are  there 
very  fossiliferous,  and  have  yielded  Trinueleus  seticomis  along  with : — 
Petraia,  sp. 


Tentaculites  an^lious,  Salt. 
Phyllopora  Hisingeri,  M'Coy. 


Oalymene  trinucleina,  Idnnrs.? 
OrtfuB  testudinaria,  Dalm. 
Bellerophon  bilobatus,  Sow. 

These  beds  are  very  extensively  exposed  in  this  region,  being 
found  also  in  the  railway-cuttings  at  Little  Hareshead  and  Clover 
Hill,  and  in  a  small  quarry  at  Ballaston. 

At  Eobeston  Wathen  they  occur  above  the  blue-grey  shales  of 
the  Bedhill  stage  ;  and  on  the  other  side  of  the  Eobeston  Wathen 
synclinal,  are  soen  at  Benlomond  Cottage,  where  Prof.  Phillips 
found  Trinueleus  omatus^  var.  Caractaei  (Mem.  Geol.  Survey,  vol.  ii. 
p.  240). 

Fossils  from  the  north  side  of  the  Eobeston  Wathen  synclinal  are : — 

Phacops  Brongniarti,  Portl, 

msenus. 

Orthis  poroata,  M'GoyJ 

LeptAoa  serioea.  Sow, 


Climaoograptus. 

Petraia. 

Tentaoulites  anglious,  Salt. 

Ptilodictya  costollata,  M*Coy, 

Oalymene  trinudeina,  Linwrs.^ 

Trinueleus  seticomis,  His. 

OheiroruB,  sp. 

From  Benlomond  Cottage : 

Tentaoulites  anglicus,  Salt, 

lichas. 

Orthis  calligramma,  DaUn, 


Strophomena. 
Bellerophon  bilobatus,  Sow. 


Orthis  testudinaria,  Daliiu 
Lept»na  serioea,  Sow, 
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North  of  Stoneyford,  the  beds  of  this  stage  are  also  seen  in  the 
southern  limb  of  a  small  synclinal,  the  lower  beds  of  which  are 
apparently  absent,  owing  to  a  slight  dislocation. 

To  the  east  of  this,  the  same  beds  are  found  occupying  the  more 
central  part  of  the  synclinal  north  of  Llandewi  Velfi^. 

7.  Conglomerate  Series, — Near  the  centre  of  the  complex  syn- 
clinal, and  in  the  centres  of  the  minor  synclinals  of  Bobeston 
Wathen,  Penblewin,  and  to  the  north  of  Llandewi  Velfry,  a  coarse 
conglomerate  is  found  with  pebbles  of  vein  quartz,  and  other 
materials  of  distant  origin,  succeeded  by  a  coarse  quartzose  grit. 

To  the  west,  this  grit  appears  to  be  first  met  witili  in  the  railway- 
cutting  south  of  Sholeshook,  where  it  is  faulted  in  against  older 
beds  on  the  north.  To  the  east  of  this,  it  is  seen  near  Mary- 
borough, dipping  north  at  a  low  angle.  From  here  it  runs  eastward 
along  a  ridge  to  Wiston  Wood,  fii  a  quarry  south-west  of  Valley 
Farm,  green-banded  mudstones,  with  beds  of  quartz-grit,  possibly 
belonging  to  this  series,  are  found.  On  the  north  side  of  the 
quarry  they  dip  at  a  very  low  angle  to  the  north,  whilst  on  the 
south  side  they  are  verticaL  This  appears  to  be  due  to  a  sadden 
bend  rather  than  to  a  fault.  To  the  west  of  Wiston  Wood,  (^ 
conglomerate  is  exposed  in  a  quarry  in  a  field.  It  is  here  nearly 
vertical,  but  dips  slightly  north,  and,  according  to  the  strike,  would 
pass  beneath  the  beds  of  the  last-mentioned  quarry. 

Another  ridge  of  grit  runs  to  the  north  of  this  one,  also  in  a 
general  east  and  west  direction.  It  is  seen  faulted  against  IWmi- 
cleus'seticomis  shales,  in  the  railway-cutting,  west  of  Wiston  MUL 
Proceeding  in  an  easterly  direction,  we  again  find  it  exposed  on  the 
ridge  ^  mile  S.  of  *•  o  "  in  *'  Dallaston ;"  it  is  here  mudi  disturbed. 
It  appears  to  be  continued  along  this  ridge  to  Wiston.  In  a  quarry 
south  of  Church  Hill,  near  this  village,  a  very  coarse  grit  is  found, 
dipping  south.  Wherever  exposed,  the  grit  of  this  ric^  appears  to 
overlie  or  be  faulted  against  beds  of  the  Slade  stage. 

A  third  grit-ridge  runs  parallel  to  these,  and  to  the  south  of 
them.  Grit  is  found,  apparently  overlying  green  shales,  in  a  road- 
cutting  west  of  Slebech  New  Church.  In  a  quarry  jK>uth  of  Cl^en 
Hill,  east  of  the  last  place,  conglomerate  is  exposed,  dipping  north. 

At  Bobeston  Wathen  the  conglomerate  is  many  feet  thick,  and 
occupies  the  centre  of  the  synclinal  shown  in  fig.  3.  In  each  limb 
of  the  synclinal  it  rests  upon  the  representatives  of  the  Slade  beds, 
containing  Trinudeus, 

A  patch  of  grit  is  seen  in  a  quarry  south  of  "  Camp,"  1\  mile 
north-east  of  Bobeston  Wathen.  The  relations  of  this  to  tl^  sur- 
rounding beds  are  somewhat  obscure,  as  the  tract  of  country  betweoi 
the  limestones  of  Bobeston  Wathen  and  Grondre  is,  as  already 
stated,  much  broken. 

Another  ridge  runs  from  near  Penblewin  eastward.  Here  the 
conglomerate  is  found  in  a  quarry  west  of  Carmine,  dipping  north 
at  an  angle  of  20^  and  succeeded  by  coarse  grit.  It  rests  upon  the 
representativee  of  the  Slade  beds  which  occur  at  tJie  cross  roads  at 
Penbelwin. 
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The  last  appearance  of  the  conglomerate  eastward,  in  the  area  we 
have  examined,  is  in  a  quarry  west  of  Wheelabont,  where  it  is 
succeeded  by  sandstone,  IJie  beds  dipping  N.W.  It  occurs  at  this 
place  also  above  beds  of  the  Slade  stage,  which  are  well  seen  at  the 
•'  k  "  of  "  Bank  Saison  "  dipping  west. 

From  the  numerous  exposures  of  the  beds  of  this  series,  where 
they  immediately  succeed  the  Slade  beds,  there  seems  little  doubt 
that  this  is  the  true  position  of  the  conglomerate ;  and  as  we  have 
found  no  eyidence  of  its  resting  upon  any  beds  lower  in  the  series, 
it  would  seem  that  there  is  no  very  great  physical  discordance  at 
the  base  of  the  conglomerate-band,  which  nevertheless  may  mark 
an  important  physical  change  in  the  area. 

We  have  unfortunately  been  unable  to  find  any  exposures  showing 
the  conglomerate  succeeded,  without  suspicion  of  faulting,  by  still 
higher  beds,  as  it  occurs  in  most  cases  on  the  summits  of  ridges, 
and  the  higher  strata  have  been  removed  by  denudation.  In  one 
instance,  however,  the  grit  is  found  between  the  Bala  and  the 
fossiliferous  Lower  Llandovery  beds.  This  is  in  a  section,  pre- 
viously alluded  to,  on  the  railway  between  Haverfordwest  station 
and  Sholeshook.  The  diagram  section  (fig.  5)  shows  the  actual 
exposures,  and  the  fiiult  and  folds  which  we  consider  necessary  to 
explain  the  apparent  sequence.  Between  the  Sholeshook  limestone 
and  the  grit  only  one  isolated  exposure  is  seen,  in  a  lane  east  of  the 
railway,  having  beds  lithologically  like  those  of  the  Slade  stage,  and 
containing  fossils  which  are  too  imperfect  for  determination.  The 
beds  between  the  grit  and  the  station  are  also  somewhat  un- 
fossiliferous,  and  though  the  fossils  found,  including  Phacops  mt/- 
eronatus,  Ang.  (the  form  which  occurs  in  the  Upper  Brachiopod  beds 
of  Sweden,  and  not  the  variety  of  the  Sholeshook  and  Kedhill  beds), 
seem  to  indicate  the  Lower  Llandovery  age  of  the  beds,  the  deter- 
mination is  doubtful.  We  can,  however,  draw  no  line  between 
these  beds  and  the  very  fossiliferous  beds  of  the  Gas-works,  of  true 
Lower  Llandovery  age. 

Another  point  to  be  noticed  is  the  absence  of  the  conglomerate, 
which,  however,  occurs  in  connexion  with  the  grit,  further  east,  as 
above  described.  Its  absence  appears  to  point  to  the  existence  of  a 
fault,  as  well  as  the  inversion  represented  in  the  diagram.  The 
relationship  of  the  conglomerate  series  to  the  Lower  Llandovery 
further  east  is  obscure,  owing  to  the  paucity  of  sections.  From  the 
nature  of  the  ground,  we  should  expect  this  series  to  pass  con- 
tinuously round  from  Wiston  to  Slebech,  thus  lying  between  the 
Lower  Llandovery  and  the  Bala  beds  which  occur  further  east. 

What  scanty  evidence  we  have,  tjierefore,  certainly  points  to  the 
conglomerate  series  being  immediately  succeeded  by  the  fossiliferous 
Lower  Llandovery  beds,  and  this  conclusion  is  supported  by  the 
palseontological  evidence ;  for  the  fauna  of  the  Slade  beds,  though 
differing  from  that  of  the  Lower  Llandovery  beds,  has  several  forms 
in  common. 

Moreover,  the  accumulation  of  the  conglomerate  series  shows 
only  a  slight  pause  in  a  period  during  which  beds  of  similar  litho- 
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logical  character  were  being  laid  down,  as  the  Lower  Llandoyeiy 
beds  closely  resemble  the  Slade  beds  lithologically. 

8.  Lower  Llandovery  Beds, — These  beds  are,  as  explained  abore, 
apparently  faulted  against  the  lower  beds  in  the  immediate  neigh- 
bourhood of  Haverfordwest.  They  are  usually  very  highly  inclined, 
and  stretch  to  the  south  of  the  town  for  nearly  two  nulee.  The 
well-known  section  at  the  Gas-works  shows  the  general  character  of 
the  rocks,  which  consist  of  gritty  green  shales,  with  bands  of  grit, 
and  weathered  calcareous  bands  crowded  with  fossils.  As  the 
organisms  of  this  deposit  are  preserved  in  many  museums,  it  is  un- 
necessary to  give  a  full  list.  Nidulites  favus,  Petrata  stibduplicata 
var.  crenulata,  Tentaculites  anglicus,  and  brachiopods,  lamellibranchs, 
and  gasteropods  are  all  abundant.  Amongst  the  fossils  hitherto 
unrecorded  from  these  beds  are  Ph^acops  eUgans,  Bceck  and  Sais 
(^sselUptifrons,  Esm.),  and  Deiphon  Forhesi^  Barr.  A  fine  specimen 
of  the  latter  was  presented  to  the  Woodwardian  Museum  by  Mr.  H. 
T.Wills. 

§  3.  Comparison  with  the  Deposits  of  other  Areas, 

The  resemblance  of  many  of  our  stages  to  those  of  other  areas, 
whether  we  take  into  account  their  lithological  or  palieontological 
characters,  is  so  striking,  that  it  cannot  be  a  mere  coincidence, 
especially  as  this  resemblance  does  not  occur  in  isolated  stages,  but 
in  the  consecutive  stages  of  some  of  the  series.  We  propose,  there- 
fore, to  point  out  briefly  some  of  these  similarities,  as  they  afford 
assistance  in  attempting  the  correlation  of  deposits  of  d^erent 
areas. 

i.  Lingula-Flags, — ^These  beds  appear,  from  the  oocurrenoe  of 
Olenus  spinulosuSy  to  represent  the  Lower  DolgeUy  beds  of  tiic 
Lingula-Flags  of  North  Wales,  which  are  correlated  by  Prof. 
Brogger  (Sil.  Et.  2  and  3,  p.  144)  with  his  ^'ParahoHna-spimiUm 
niveau  "  (2  h)  in  the  Christiania  district,  where  that  fossil  is  likewise 
associated  with  Agnostus  socudis. 

It  is  desirable,  however,  that  additional  species  should  be  obtained ; 
for  whilst  the  fossils  already  procured  leave  no  doubt  as  to  the 
Lingula-Flag  age  of  the  rocks  containing  them,  it  is  perhaps 
dangerous  to  attempt  to  assert  positively  to  what  portion  of  the 
Lingula-Flag  series  they  belong,  without  further  evidence. 

ii.  DidymograptuS'ShaJes, — The  "  tuning-fork "  graptolites  of 
these  beds  are  characteristic  of  Br.  Hicks's  lianvim  beds  in  the  8t- 
David's  district,  as  elsewhere.  As  the  horizon  is  so  well  known  in 
many  places,  and  contains  this  particular  type  of  graptolite,  it  is 
needless  to  give  a  list  of  deposits  of  the  same  age  in  other  areas. 

iii.  Llandeilo  Limestone, — The  remark  just  made  applies  in  this 
case  also.  The  position  of  the  Asaphus^yrannus  beds  is  well  estab- 
lished in  South  Wales.  At  the  same  time  it  is  possible  that  tiie 
beds  included  in  the  Llandeilo  limestone  of  other  regions  are  partly 
represented  by  the  lower  beds  of  the  succeeding  division  of  the 
Haverfordwest  district ;  for  whereas  Ogygia  BuehU  has  not  been 
discovered  by  us  in  the  limestone,  and  is  apparently  not  recorded 
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firom  the  limestone  of  this  region,  it  does  occur  in  the  graptolite- 
shales  of  the  succeeding  group. 

iv.  DicranograptuS'Shales.  —  It  has  already  been  stated  that 
several  zones  must  be  represented  among  these  beds,  and  that  we 
have  been  unable  to  work  these  out  in  the  field,  owing  to  the 
absence  of  exposures  continuous  throughout  the  series.  That  the 
beds  do  represent  generally  the  Glenkiln  and  lower  portions  of  the 
Hartfell  groups  of  Scotland  appears  probable ;  but  as  we  have  sub- 
mitted a  large  collection  of  specimens  firom  this  horizon  to  Professor 
Lap  worth,  we  leave  the  fuller  determination  of  the  age  of  the  group 
to  him. 

The  uppermost  bands,  which  are  crowded  with  Orihis  argmUa^ 
may  be  compared  with  the  Orthis^argentea  zone  of  Dr.  linnarsson  in 
Sweden  (cf,  Lapworth,  Geol.  Mag.  dec.  ii.  vol.  vii.  p.  43). 

V.  Boheston'  Wathen  Limestone. — The  fossils  of  this  limestone  are 
certainly  of  Middle  Bala  facies ;  but  trilobites  are  rare,  and  the 
oiganisms  are  chiefly  corals.  The  identification  of  this  bed  with 
parts,  at  any  rate,  of  the  Bala  and  Coniston  limestones  receives  strong 
support  firom  the  evidence  furnished  by  the  succeeding  deposits. 

vL  TrinucleuS'Seticomis  Beds, 

(a)  Sholeshook  Limestone  Stage. — This  is  comparable  both  litho- 
logically  and  palsBontologically  with  the  Rhiwlas  limestone  of  Bala, 
which  must  certainly  be  of  different  age  firom  the  true  Bala  limestone. 
The  bed  is  so  peculiar  in  character,  and  maintains  its  appearance 
and  palseontological  characters  so  uniformly  over  a  wide  area,  that 
it  is  very  easy  to  identify,  and  forms  therefore  a  very  important 
horizon  for  purposes  of  comparison.  The  Rhiwlas  cystideans  are 
similar  to  those  of  Sholeshook,  and  the  trilobites  are  mostly  of  the 
same  species.  StaurocepTialus  is  present  at  Bbiwlas  as  in  Pembroke- 
shire, and  associated  with  it  are  the  following  fossils  of  the  Sholes- 
hook stage  :• — 


Ampyx  tumiduB,  Forbes. 
Oheirums  juTenis,  Salt. 
bimucronatus,  Murch, 


TrinudeuB  BetioomiB,  Sis. 
LeptflBna  tenuicincta,  M*Coy. 
Cyrtoceras  sonaz,  Salt. 


It  may  be  observed  that,  as  Professor  Sedgwick  made  his  Upper 
Bala  series  to  include  the  beds  above  the  Bala  limestone,  this  stage 
must  be  taken  as  the  base  of  that  series,  and  it  forms,  as  observed, 
a  readily  recognized  base. 

In  the  Lake-district  a  bed  of  quite  similar  Hthological  cha- 
racter occurs  immediately  above  the  Coniston  Limestone.  Its  fauna 
has  not  yet  been  fully  described,  but  one  of  us  has  elsewhere 
noticed  it  (*  Sedgwick  Essay,'  1882,  p.  68).  Staurocephalus  is  there 
associated  with  the  same  cystideans  as  at  Sholeshook,  and  a  large 
number  of  trilobites  are  common  to  the  two  deposits,  and  do  not 
occur  in  the  underlying  Coniston  limestone. 

The  starfish-bed  of  Prof.  Lapworth  (Q.  J.  G.  S.  vol.  xxxviii. 
p.  619)  may  possibly  be  the  representative  of  this  in  the  Girvan 
area ;  it  also  contains  Staurocephalus  globieeps. 

In  Ireland  the  same  group  of  fossils  appears  to  occur  at  Desert- 
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creat,  TjTone,  judging  firom  an  examination  of  the  specimens  pr^ 
served  in  the  Museum  of  Practical  Geology.  Amongst  the  fossils 
common  to  Sholeshook  and  Desertcreat  are : — 


Phacops  Brongniarti,  Portl. 
StAurooephalus  globiceps,  Portl. 
Remopleurides  dorso-spinifer,  Portl. 


IllAnus  Bowmanni,  Salt. 
Stygina  latifronp,  Portl. 
Tnnuoleus  setioornia,  iBs. 


The  absence  of  cystideans  at  Desertcreat  is  noticeable. 

A  large  number  of  fossils  are  recorded  from  this  Irish  locality, 
which  seem  to  show  that  the  representatives  of  the  Kedhill  stage 
occur  there  also. 

In  Sweden  the  same  fauna  appears  at  the  same  horizon  in  beds 
of  precisely  similar  lithological  character.  Immediately  above  the 
beds  correlated  with  the  Middle  Bala  series,  in  Westrogothia,  Dr. 
Linnarsson's  StaurocephalusA)e^'&  (at  the  base  of  the  Brachiopod- 
schists)  contain  Staurocephdlug  clavifrom,  Ang.,  Proetus  hrevifrons, 
Phacops  mucTonatuSy  Calymene  tuberculaia,  Acidaspis  centring 
Trinucleus  Wahlenhergi,  Agnostus  trinodus,  PhiUipsia  parabola, 
and  Panderia  megalophihalnut,  (Linnarsson,  *  Om  Yestergotlands 
Cambriska  och  Siluriska  Aflagringar,'  p.  51). 

In  Scania  also  the  same  bed  occurs.  Dr.  TuUberg  ('  Skines  Grap- 
tolitcr/  i.  p.  17)  records  in  his  zone  with  StaurocepTuilus  clavifrons : — 


Staurocephalus  cluTifrons,  Ang. 
Phacops  mucronata,  Ang. 
Tri nucleus  Wahlenbergi,  RouauU. 
Illeenus,  cf.  Salter!,  Barr. 
Proetus  brcTifrons,  Ang, 
OheiruruB,  sp. 


Ampyx  tetragonus,  Ang. 

Phillipria  paraboK  Barr. 

Acidaspis,  sp. 

Calymene  Mumenbaohii,  Brongn.,  tv. 

Agnostus  trinodus,  Salt, 

Dentalium,  sp. 

Turbo,  sp 


From  the  general  occurrence  in  this  zone  of  Stauroc^phahu  gtobt- 
ceps,  or  a  closely  allied  species,  it  may  be  conveniently  spoken  of  as 
the  StaurocepJialus-zone. 

(b)  Bedhill  Stage, — This  st€ige  is  lithologicaUy  like  the  Ashgill 
shales  of  the  Ls^e-district,  which  also  immediately  overlie  the 
StaurocephaluS'Zone.  In  Scotland  the  ^'soft  blue  mudstones, 
homogeneous,  thick-bedded,  and  more  or  less  concretionary  in 
structure,"  described  by  Prof.  Lapworth  as  occurring  above  the 
Starfish-bed  of  Lady  Bum,  in  the  Girvan  area,  seem  to  be  likewise 
similar  (Q.  J.  G.  S.  xxxviii.  p.  619). 

In  Scandinavia  the  beds  with  Phacops  eueenira,  Ang.  (a  variety 
of  P.  mucronatus  ?),  which  immediately  succeed  the  St€Mrocephalu$' 
zone  in  Scania  and  Westrogothia,  have  elsewhere  (Q.  J.  G.  8.  AxxviiL 
p.  821)  been  compared  by  one  of  us  with  the  Ashgill  Shales  of 
Britain. 

(c)  Slade  Beds, — ^These  are  not  precisely  like  any  beds  known  to 
us  as  occurring  about  the  same  horizon  in  other  areas. 

In  the  Lake-district  a  mottled  grey  limestone  with  many 
brachiopods  occurs  immediately  above  the  Ashgill  Shales  and  below 
the  Birkhill  beds  in  Skelgill  Beck.  Like  ^e  Slade  beds,  it  is 
marked  by  the  occurrence  of  Climaeograptus  and  the  absence  of 
Monograptus, 
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In  Scania,  Dr.  Tullberg  (' Sklnes  Graptoliter/  i.  p.  17)  finds 
above  bis  zone  witb  PTiacops  mucronatus  (P.  eucentra)  a  zone  with 
Diplograptus  and  Climacograptus  scalaris,  and  marked  by  an  absence 
of  Monograptus,  This  zone  he  places  at  the  top  of  the  Upper 
Cambrian  (Sedgwick),  and  not  at  the  base  of  the  Silurian,  where 
Prof.  Lapworth  describes  a  zone  marked  bj'  the  absei^ce  of  Mono- 
graptu8^  viz.  at  the  base  of  the  Birkhill  beds  {cf,  Lapworth,  Q.  J. 
G.  S.  vol.  xxxiv.  p.  318). 

In  Westrogothiia  the  gritty  beds  with  Trinucleus  at  Mosseberg 
may  represent  onr  Slade  beds. 

vii.  The  Conglomerate, — As  stated,  when  describing  the  apparent 
position  of  these  beds,  they  appear  to  succeed  everywhere  the  Slade 
beds. 

If  this  be  their  true  position,  they  form  a  satisfactory  base  to  the 
Silurian  rocks  of  this  area. 

We  may  compare  them  with  the  Mullock-Hill  conglomerate  of 
Prof.  Lapworth  (Q.  J.  G.  S.  vol.  xxxviii.  p.  621),  which  lies  in  the 
Girvan  district  directly  above  the  Trtnu<j?ei«-shales,  just  as  the  con- 
glomerate in  the  district  now  described  lies  above  our  Trinudeus-' 
shales. 

viii.  Lower  Llandovery  Beds, — ^We  have  applied  this  term  to 
the  shelly  sandstones  immediately  south  of  Haverfordwest  town,  as 
they  have  been  constantly  spoken  of  as  Lower  Llandovery.  If  they 
do  actually  succeed  the  Conglomerate  stage,  the  latter  should  also  be 
included  in  the  Lower  Llandovery  series. 

These  shelly  sandstones  are  lithologically  and  palseontologically 
similar  to  two  well-known  deposits,  viz.  the  Mullock-Hill  Sand- 
stones of  the  Girvan  district,  and  stage  5  /3  in  the  neighbourhood  of 
Christiania.  All  these  contain  Nidulites  along  vrith  Stricldandinia 
and  a  host  of  other  brachiopods.  A  comparison  of  the  published 
lists  wUl  show  the  practical  identity  of  the  faunas  {cf.  Catalogues 
of  Palaeozoic  Fossils  in  the  Woodwardian  Museum,  and  that  of 
Practical  Geology,  also  Kjerulf  s  •  Veiviser '). 

The  upper  part  of  the  Braohiopod-beds  of  Westrogothia  has  a 
similar  fauna,  and  is  placed  on  this  horizon  by  the  Scandinavian 
geologists. 

One  of  us  has  in  a  previous  communication  (Q.  J.  G.  S.  vol. 
xxxviii.  p.  316)  discussed  the  age  of  the  Lepttma-limestoue  of  Mr. 
Tomquist,  which  occurs  in  Dalecarlia,  and  has  referred  it  to  a  posi- 
tion above  the  Lobiferus-  and  Betiolites-Bhales  of  that  region.  This 
was  certainly  a  mistake,  due  to  ignorance  of  the  phenomena  pre- 
sented by  a  greatly  disturbed  region  at  the  time  of  examination. 

Dr.  Fr.  Schmidt  has  shown  (Q.  J.  G.  S.  vol.  xxxviii.  p.  523) 
that  the  fauna  of  the  stage  F  of  the  East  Baltic  provinces  is  that  of 
the  Leptcena-Umestone  of  Osmundsberg. 

The  Leptcena-hmestone  contains  a  mixture  of  faunas  of  several  of 
the  Haverfordwest  beds,  viz. : — ^the  Lower  Llandovery,  Trinucleus- 
Mticomis  beds,  and  perhaps  even  of  the  Eobeston-Wathen  limestone, 
the  corals  of  which  also  occur  in  the  Leptcma-hmeatone. 
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§4.  Conclusion. 

We  have  endeavoured,  in  this  paper,  to  establish  the  saccession 
in  the  district  under  consideration.  That  certain  difficulties  are  not 
yet  cleared  up  is  admitted.  Our  inability  to  discover  any  section 
showing  normal  Sholeshook  limestone  resting  upon  normal  Bobeston- 
Wathen  limestone  is  unfortunate.  In  separating  these  stages  from 
each  other,  we  are  influenced  by  the  lithological  and  palaeontological 
differences  between  the  two  deposits,  and  by  comparison  with 
similar  beds  in  other  areas.  But  for  this,  we  should  be  disposed  to 
look  upon  the  Eobeston- Wathen  limestone  as  a  local  development 
of  the  Sholeshook  limestone.  We  may  note,  however,  that  there 
are  many  places  in  the  district  where  one  or  more  of  the  limestones 
can  be  satisfactorily  proved  to  have  been  crushed  out. 

As  already  explained,  also,  the  relation  of  the  conglomerate  to 
the  succeeding  beds  requires  further  study. 

These  minor  difficulties  have  been  encountered  when  studying 
portions  of  the  sequence  which  are  tjrpically  developed  elsewhere. 
As  they  do  not  greatly  affect  our  establishment  of  the  sequence  in 
this  area,  and  £is  other  difficulties  would  probably  arise  upon  further 
exploration,  the  announcement  of  our  results  might  be  indefinitely 
postponed,  and  we  therefore  venture  to  bring  our  work  before  the 
Society,  in  the  belief  that  what  we  have  done  will  prove  sufficient 
to  furnish  a  clue  to  the  solution  of  a  very  interesting  question,  viz. 
the  nature  of  the  foldings  which  have  affected  the  district. 

EXPLANATION  OF  PLATE  XV. 

Fig.  1.  Geological  Sketch-Map  of  the  neighbourhood  of  HaTerfordwert.  Ibe 
map,  based  on  that  of  the  Gkolocical  Surrey,  is  simply  intended  as  a 
sketoh-map,  showing  the  general  distribution  of  (he  beds ;  and  the 
boundaries  in  many  places  are  only  approximately  oorreot  The 
Bedhill  b^  and  Slade  beds  have  been  represented  hj  the  same 
siffn,  as  we  have  not  traced  the  boundary  between  them  over  the 
whole  district  The  Dicrano^aptus^halea  of  Grondre  and  Longfnd 
may  extend  further  east  than  represented. 

2.  Section  in  Quarry  south-east  of  Trefgam  Bridge. 

3.  Section  through  Kobeston  Wathen. 

4.  Section  in  the  Lane  north  of  Prendergast  Church. 

5.  Diagram-section  along  the  Railway  from  Haverfordwest  Station  ta 

north  of  Orundale. 


DiSCTTBSIOV. 

The  PBBsiBEin:  expressed  his  pleasure  at  seeing  that  such  ad- 
mirable work  had  been  done  by  Cambridge  geolc^ts. 

Dr.  Hicks  stated  that  the  Authors  had  entirely  confirmed  his 
views  that  the  rocks  of  Eoch  Castle  and  Tre%am  which  he  had 
referred  to  the  Archaean  were  not,  as  believed  by  the  Geol<^:ioal 
Survey,  intrusive  rocks  penetrating  Lower-Silurian  strata.  The 
recognition  of  the  important  fact  that  these  are  of  Pre-Cambritn 
age  was  absolutely  necessary  before  the  geology  of  the  area  coold 
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possibly  be  interpreted.  The  succession  of  the  rocks  in  this  district 
had  never  been  unravelled  till  the  Authors  undertook  the  task. 

Prof.  HuoHiss  remarked  od  the  absence  of  the  evidence  of  the 
occurrence  of  the  Harlech  Grits  except  the  basement-bed,  of  the 
Menevian,  the  Tremadocs,  part  of  the  Arenigs,  and  other  forma- 
tions. He  thought  the  Hirnant  limestone  really  consists  of  two 
members  which  are  separated  by  a  great  break,  and  the  lower  of 
these  only  is  represented  by  a  limestone  in  the  area  described.  He 
thought  it  probable  that  the  equivalents  of  the  Upper  Conglo- 
merates might  be  found  in  the  Mdvem  district,  and  that  they  form 
the  base  of  the  Silurian. 

Mr.  Mabb  thought  that  the  beds  in  Trefgam-Bridge  Quarry  exhibit 
signs  of  faulting,  which  may  account  for  the  apparent  absence  of 
some  of  the  strata.  He  thought  that  a  great  concision  had  arisen  as 
to  the  position  of  the  conglomerates  at  the  base  of  the  Silurian. 
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36.  General  Section  of  (he  Bagshot  Strata  fnmi  Aldkbshot  to 
WomNGHAM.  By  the  Bev.  A.  Irving,  B.Sc.,  B.A.,  F.G.8. 
(Read  April  15,  1885.) 

A  RESIDENCE  of  Bome  years  in  the  Bagshot  district  of  the  Lond^m 
Basin  has  afforded  me  opportunities  for  many  ohservations  on  the 
Bagshot  strata  which  have  escaped  the  notice  of  previons  writen 
on  the  suhject.  Some  of  these  have  been  already  recorded  *.  Two 
or  three  years  ago  I  was  led  to  investigate  the  origin  of  the  green 
colouring-matter  eo  prevalent  in  the  Middle  and  Lower  Bagshot 
strata,  and  an  account  of  the  results  arrived  at  was  given  in  the 
'  Geological  Magazine '  t,  the  bearing  of  the  facts  upon  the  question 
of  water-supply  being  shown  to  be  of  some  economic  importance. 
More  recently  %  I  have  given  some  results  obtained  by  a  further 
prosecution  of  the  same  line  of  inquiry,  and  have  stated  that  they 
have  led  me  to  regard  the  Middle  and  Lower  Bagshot  strata  at, 
upon  the  whole,  a  series  of  delta^^  marsh-,  and  ^^oon-deposits,  such 
as  are  now  forming  in  the  alluvial  flats  at  the  mouth  of  many  a 
large  river,  but  those  of  the  Upper  Bagshot  as  the  deposits  of  a 
marine  estuary,  which  covered  up  and  overlapped  the  Middle  and 
Lower  series,  so  as  to  have  extended  over  parts  of  the  London 
Clay.  This  inference  from  chemical  and  physical  evidence  is  at 
variance  with  the  generally  received  view  as  to  tJie  physical  history 
of  these  strata,  the  first  eminent  worker  on  these  beds  having 
declared  that  they  were  conformable  to  the  London  Clay  §,  and  the 
Geological  Survey  having  mapped  the  district  in  accordance  with 
such  a  supposition. 

The  main  object  of  this  paper  is  to  bring  before  the  Society 
stratigraphical  evidence  on  this  question.  It  must  be  understood 
that  I  make  no  attempt  here  to  correlate  the  strata  of  our  Bagshot 
district  in  detail  with  the  corresponding  strata  of  the  Hampshire 
Basin  :  I  use  the  terms '  Upper,'  *  Middle,*  and  *  Lower,'  therefore,  as 
applied  to  the  Bagshot  strata,  in  their  natural  sense,  to  mean  the 
well-marked  upper,  middle,  and  lower  divisions  of  the  latest  Eocene 
formation  of  the  district  to  which  it  owes  its  name,  regarding  this  as 
a  distinct  area  of  deposition  in  Bagshot  times. 

In  the  classification  of  the  Bagshot  beds  I  have  included  the  bed 
of  loamy  sand  (No.  4,  figs.  1  &  2),  which  occurs  so  generally  imme- 
diately above  t.he  green  sands  and  days,  in  the  Middle  Division  (as 
was  done  by  the  Survey) ;  the  pebble-bed,  however,  which  commonly 

*  See  Proceedings  of  the  G^ologista'  Association,  voL  viiL  pp.  145-17S. 

t  See  Geol.  Mag.  dec.  ii.  yoL  z.  pp.  404-413. 

i  Ibid,  dec.  iii.  vol.  ii. 

I  See  Frestwich,  Quart.  Joum.  Qeol.  Soc  vol.  iii 
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occurs  next  above  it,  appears  to  have  been  overlooked  by  the 
Surveyors,  though  it  crops  out  in  many  places.  There  is- some  indi- 
cation of  considerable  contemporaneous  erosion  in  some  sections 
where  the  pebble-bed  rests  upon  this  loamy  bed ;  and  in  the  bed 
itself  thin  seams  of  pipe-clay  generally  occur.  On  this  last  point,  it 
would  seem,  my  observations  differ  firom  those  of  the  Surveyors  *. 
Grains  of  quartz  coated  with  black  and  green  amorphous  matter  of 
vegetable  origin  are  scattered  ireely  in  this  bed :  they  are  especially 
numerous  in  juxtaposition  with  the  pipe-clay  layers. 

Detailed  Sections. 

As  these  are  rather  numerous,  and  are  spread  over  a  rather  large 
area,  extending  about  13  miles  from  north  to  south,  it  will  tend  to 
simplify  matters  if  we  consider  these  sections  in  two  series : — a.  Deep- 
well  sections,  giving  the  whole  range  of  the  Bagshot  Sands,  and  in 
some  cases  the  London  Clay  as  well ;  6.  Sections  in  which  only  por- 
tions of  the  Bagshot  Sands  are  exposed.  We  shall  find  the  general 
character  of  the  three  divisions  of  the  Bagshot  strata  sufficiently 
determined  by  the  evidence  afforded  by  the  former  series  to  aid  us 
considerably  in  determining  the  stratigraphical  horizons  of  the 
sections  of  the  latter  series. 


a.  Deep-Well  Sections. 

(1)  Wdlsection  at  Wellington  College. — ^The  specimens  and 
measurements  of  the  strata  pierced  in  digging  this  weU  were  pre- 
served with  great  care.  The  sectional  diagram  (fig.  1)  has  been 
reprinted  (with  additional  notes),  with  the  courteous  permission  of  the 
President  and  Council  of  the  Geologists'  Association,  from  vol.  vi.  of 
the '  Proceedings '  of  that  Society.  The  grouping  of  the  strata  agrees 
substantially  with  that  adopted  by  Prof.  Prestwich  many  years  agot. 
A  few  supplementary  notes,  for  which  there  is  not  sufficient  space 
on  the  mai^n  of  the  diagram,  may  be  usefuL 

No.  2.  This  is  a  quartzose  sand,  stained  with  carbonaceous  matter 
on  the  grains,  with  scarcely  a  trace  of  iron.  The  occurrence  of  this 
bed  of  dirty  sand  here  is  exceptional ;  this  horizon  is  generally 
occupied  by  a  bed  of  stiff  yellow  loam,  almost  a  clay,  which  passes 
up  into  the  yellow  sands. 

No.  5.  This  bed  was  worked  for  about  twenty  years  in  the  neigh- 
bouring brick-field,  and  Wellington  CoUege  was  built  with  bricks 
for  which  it  afforded  the  sole  material. 

♦  See  Memoirs  of  the  Geological  Survey,  vol.  iv.  pp.  329,  380,  where  the  bed 
18  descrihed  as  '*  a  bed  of  ferruginous  sand  without  pipe-clay."  The  general 
outlines  of  Bagshot  stratigraphy  are  given  so  fully  in  tnat  worl  as  to  require  no 
further  description  here.  It  has  been  generally  assumed,  but,  I  think,  never 
proved,  that  this  area  of  deposition  was  continuous  with  that  of  Hampshire 
through  Bagshot  times. 

t  Quart.  Joum.  GeoL  Soc.  voL  iii.  loe,  cit.  As  before  intimated,  however, 
I  draw  the  upper  boundary  of  the  Middle  Bagshots  at  a  rather  higher  horizon. 
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Fig.  1. —  Vertical  Section  of  Bagshot  Strata  disclose  d  in  the  Trial- 
boring  for  the  Deep  Well  at  Wellington  CoUege.  (Scale  40  feet 
=1  inch.) 


Uppsb  Bagbhot 
(23  feet) 


MiDDLK  Bagshot 
(76  feet) 


rr 


LowKB  Bagshot 
(about  120  feet) 


LOKDOH  OLAT.. 


285  feet  aboTe  Ordiuuioe  datum-line^ 

Surfisoe-driA  enclosing  angular  flinta  (1  foot). 
Buff-coloured  tand  (Upper  Bagahot)  (12  feetX 

Grrej  sand  with  dark  olire-green  and  black  grains  (10 
feet)  (rather  exceptional  at  this  horison). 

Well-worn  pebbles  of  blaok  flint  in  sand  (1  foot). 

Bufi'-colonred  sand  and  loam  (6  feet)  (scattered  green 
and  black  grains  and  pipe-claj). 

Drab-coloured^  sandy  daj  (9  feet),  in  some  i 
laminated. 

WeU-rolled  pebbles  of  blade  flint  in  sand  (S  liMt). 


Green  sand,  yielding  some  water  at  the^  bottom  •.  31 
feet). 


8and*of  a  dark  green  tint  (T.feet).    Mooh  water. 
Fine  clay,  in  part  a  pure  pipe-day  (6  fbet). 

Continuation  of  the  next  abore  bot  of  darker 
(14  feet). 


Band  (grey),?with  olire-green  grains  (46  feet).    TUsis 
"  n|My  a^'  " 


;  simiMy  a  dirty  quartiose  saad. 


Continuatioa  of  the  above,  with  rather  x 
.  iron  on  the  grains  (46  feet). 


>  oxidised 


Indurated  arenaoeon<day  stained  with  earbon  (9laet^ 


Bladcened  marl  and  day   lamiwafted  in  its   svpcr 
portion  (S5  feet). 


Note.— To  the  83  feet  of  Upper  Banhot 
shown  in  this  section,  we  moat  add  another  100  fts* 
and  more  for  the  total  thickness  of  these  saada  aa  thsy 
exist  at  present  elsewhere  in  the  diatrict.  The  neigh- 
booring  hills,  on  which  the  Criminal  Lonatie  Aiyfam 
is  situated,  reach  a  height  at  400  feet,  and  the  cootbm- 
ation  of  the  beds  of  the  upper  portaon  of  this  sectioa 
beneath  those  hills  is  proved  in  numerous  well  sectioaa 
in  the  Tillage  of  Crowthome.  We  most  haTs,  there- 
fore, a  thicbiess  of  about  140  feet  of  Upper  f 
Sands  preserred  in  this  neighbourhood. 
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No.  6.  The  rapid  thinning-ont  of  this  pehhle^bed  was  proved  two 
years  ago  in  an  excavation  made  for  a  rain-water  tank  for  the 
College  Laundry.  It  was  only  1^  feet  thick  there.  In  the  neigh- 
bouring railway-cntting  it  has  dwindled  to  a  mere  layer  of  pebbles. 

No.  8.  Small  fragments  of  shells  occur  in  this  bed,  which  occupies 
the  same  horizon  as  that  in  which  very  complete  specimens  of 
Cardita  &c.  were  found  last  year,  in  the  well  at  Yateley  Green, 
described  below. 

No.  9.  The  uppermost  6  inches  of  this  bed  show  the  green  sand 
of  the  bed  above,  coarsely  mingled  with  the  day ;  the  next  three 
feet  consist  oi  jpure  pipe-clay.  Then,  for  about  three  feet,  the  clay 
is  distinctly  laminated  and  coloured  with  carbonaceous  matter. 

No.  10.  This  is  a  very  homogeneous  day-bed,  much  stained  with 
carbonaceous  matter. 

No.  12.  This  bed  is  slightly  more  loamy  than  No.  11.  The  speci- 
mens preserved  have  assumed  a  somewhat  browner  tint,  as  the 
result  of  oxidation  during  the  last  25  years,  from  the  presence  of 
more  iron  in  the  material  which  coats  the  grains.  The  specimens  of 
these  two  beds  (11  &  12)  have  precisely  the  character  assumed  by  the 
grey  and  greenish  sands  after  long  exposure  to  atmospheric  oxygen. 

No.  13.  The  clay  of  this  bed  is  exactly  like  that  of  No.  10. 

No.  14.  The  uppermost  25  feet  of  this  bed  are  strongly  lami- 
nated ;  the  remaining  10  feet  pierced  have  more  the  character  of 
London  Clay  than  of  anything  else.  Here,  then,  we  seem  to  find  a 
pauage  of  Ae  London  Clay  into  the  Bagshot  Sands. 

(2)  Famhorough  Deep  Well, — At  the  southern  end  of  the  parish, 
a  new  well  was  sunk  last  year  by  Messrs.  TiUy  and  Sons  for  the 
District  Waterworks.  Erom  the  information  furnished  to  me,  and 
from  inspection  of  the  works,  I  have  constructed  the  following 
section.  The  elevation  of  the  mouth  of  the  well  above  O.D.  level 
is  250  feet. 

ft  in. 

1.  Qrayel  (mixture  of  pebbles  and  subaa- 
gularflinte)  of  later  drift 7    0 

2.  Yellow  loamy  sand 33    0 

3.  Yellow  sand,  yielding  water 33    0 

4.  Yellow  loam    8    0 

5.  Grey  loam    12    0 

6.  Qrey  sand,  yielding  water     29    0 

7.  White-erey  sand,  yielding  water 13    6 

8.  Strong  brown  clay,  pebbles  at  the  top  ...      0    9 

9.  Gh-eenloam 17    0 

10.  Hard  gravel,  pebbles 3  6 

11.  Green  loam  and  pebbles 10  0 

12.  Green  loam  and  sand 22  0 

13.  Cb^n  sand  yielding  water    22  0 

14.  Green  sand  with  tmn  layers  of  day 3  0 

15.  Strong  green  loam 12  0 

16.  Green  sand  and  water    3  0 

17.  London  Clay  penetrated  to   31  0 

I  am  greatly  indebted  to  Mr.  Whitaker  for  additional  notes  made 
fh)m  examination  of  the  specimens,  and  his  grouping  is  here 
followed. 


Upper  Bagshot,  128^  ft 


Middle  Bagshot,  31^  ft. 


Lower  Bagshot,  62  it. 
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(3)  Mytchett  Plaice,  Frimley, — ^An  interesting  section  was  obtained 
here  abont  three  years  ago,  particulars  of  which  were  famished  to 
me  by  the  engineer  engaged  in  making  the  trial-boring,  Mr.  Eggar, 
of  Gower  Street.  Some  specimens  were  preserved  by  the  proprietor, 
J.  G.  Murray,  Esq.,  who  has  courteously  given  me  every  facility  for 
investigation  of  the  matter.  The  following  was  taken  from  the 
coloured  diagrams  and  measurements  in  possession  of  Mr.  Eggar : — 

Site  250  feet  above  O.D.  level. 


ft 
63 
66 
67 
93 


1.  White  sand  to 

2.  Loamy  sand to 

3.  Light  green  sand to 

4.  Bark  green  sand to 

5.  Light  green  sharp  sand  ...  to  180 

6.  Light    green    and    sharp 

sand,  **with  shells,"  Ac ...  to  196 

7.  Blue    clay,    with    smooth 

pebbles    to  228 

8.  Green  loamy  sand  to  230 

9.  Blue  clay  with  pebbles  ...  to  234 

10.  Bluechiy to  246 

11.  Dark  green  sand  and  day.  to  262 

12.  Dark  green  sand  without 

day to  286 

13.  Brown    sand,    marl,    and 

day to  308 

14.  Very  fine  sharp  sand   to  330 


in. 

^  I  Upper  B.,  65  ft. 

0 
0 
0 


.  Middle  B.,  28  ft. 


.  Lower  B.,  102  ft 


Total  of  Bagsbot 
Sands  195  feet 


; 


London  Olay,  67  feet  (?). 


Beading  Beda  (?)  68  feet 


At  this  depth  the  tubes  gave  way  in  the  "  fine  sharp  sand/'  and 
the  boring  was  abandoned.  The  few  specimens  preserved  are  from 
the  last  four  of  the  above  beds,  and  afford  ambiguous  evidence. 

One  or  two  remarks,  based  on  a  comparison  of  ^  the  deep-well 
sections  just  described,  are  called  for  here,  (i)  There  is  in  all  of 
them  a  general  agreement  (with  difference  in  details)  of  the  dia- 
racter  of  the  strata  of  the  three  several  divisions  of  the  Bagshot 
Series,  (ii)  There  is  an  absence  of  all  record  of  pebble-beds  in  llie 
Lower  Bagshot.  (iii)  The  Lower  Bagshot  beds  are,  in  all  the  sec- 
tions, characterized  by  the  predominance  of  quartz-ssuid,  coloured 
green  and  grey  by  the  presence  of  organic  matter  of  vegetable 
origin,  (iv)  There  is  an  absence  of  any  record  of  seams  of  pipe-day, 
which  are  met  with  frequently  in  beds  of  the  Middle  Division  {tf, 
fig.  1  and  not^s) ;  and  the  comparative  richness  in  clay-beds  of  the 
Middle  Division  distinguishes  it  from  the  Lower  Division.  It  is  of 
importance  to  note  these  characteristics  of  the  Lower  Sands  in  sec- 
tions where  the  order  of  superposition  (as  in  those  just  described)  is 
as  certain  as  anything  can  be. 


h.  Sbctions  in  which  only  portions  of  the  Baoshot  Series 

ABB  EXPOSED. 

1.  Railway -cuttings  at  Wellington  College  Station. — In  t)ie  inter- 
pretation of  tiie  sections  exposed  in  the  two  cuttings  at  this  spot^  one 
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to  the  north,  the  other  to  the  south  of  the  station,  I  am  compelled 
to  differ  somewhat  from  that  which  has  been  given  to  them  in  a  paper 
by  Mr.  Monckton  lately  published  ♦.  The  upper  pebble-bed,  north 
of  the  station;  has  been  overlooked.  The  beds  of  the  cutting  to  the 
north  of  the  station  are  represented  as  passing,  with  a  southerly 
dip,  under  the  beds  exposed  in  the  cutting  to  the  south  of  the  sta- 
tion. This,  however,  would  give  to  the  Middle  Bagshot  series  a 
much  greater  thickness  than  they  are  found  to  have  in  any  known 
section  in  this  district.  At  the  northern  end  of  the  northernmost 
of  the  two  cuttings  nearly  the  whole  of  the  Middle  series  is  exposed ; 
the  sequence  of  the  beds  and  their  several  thicknesses  (except  that 
of  the  lowest  clay-bed,  which  is  only  exposed  at  the  bottom  of  the 
valley  to  the  north)  correspond  with  the  sequence  and  thicknesses 
of  the  beds  (Nos.  3-9)  in  the  well-section  (fig.  1).  Mr.  Monckton, 
in  the  paper  just  referred  to,  has  stated  that  the  thickness  of  the 
beds  of  green  sand  (E.  p.  350,  he.  ciL)  is  not  shown;  yet  I 
have  been  able  t^  measure  it,  and  find  it  to  correspond  very  nearly 
with  that  of  the  beds  of  precisely  the  same  character  (Nos.  7,  8)  in 
&g.  1.  He  has  also  stated  that  in  the  cutting  to  the  north  of  the 
station  the  beds  are  "  brought  into  the  cutting  by  a  fall  of  the  line.'* 
Having  taken  observations  with  a  spirit-level  all  along  the  cutting, 
I  am  unable  to  verify  the  statement,  and  the  ^*  fall "  here  referred  to 
seems  to  be  unknown  to  the  plate- layers  employed  on  that  part  of 
the  line. 

In  the  cutting  to  the  south  of  the  station,  only  the  beds  Nos.  3-5 
of  fig.  1  are  exposed.  The  day-bed  of  the  northern  cutting  passes 
under  the  station,  and  comes  up  again  in  the  southern  cutting, 
rolling  over  to  form  a  slight  anticline,  as  we  proceed  south,  until  it 
again  disappears  near  the  bridge,  about  half  a  mile  to  the  south  of 
the  station.  The  sequence,  character,  and  thickness  of  the  beds 
are  the  same  as  in  the  northern  cutting,  except  that  the  green  sand 
(No.  7)  IB  not  exposed.  The  upper  pebble-bed  occurs  in  precisely 
the  same  position,  and  its  identity  with  the  bed  No.  3  of  fig.  1  has 
been  directly  proved,  wit<hin  the  last  two  years,  by  the  deep  trench 
made  for  the  new  main  sewer  of  the  College,  the  bed  of  wdl-rolled 
flint-pebbles  imbedded  in  a  stiff  loam  having  been  exposed  continu- 
ously from  the  railway-cutting  right  up  to  the  College,  a  distance 
of  nearly  half  a  mile.  The  facts  furnished  by  this  section  will  be 
beet  understood  by  reference  to  the  accompanying  diagram  (fig.  2). 
At  and  immediately  about  the  station  the  pebble-bed  (No.  3) 
appears  to  have  been  much  attenuated,  and  to  have  been  recon- 
structed as  later  drift,  the  pebbles  being  mingled  with  a  few  angular 
discoloured  fragments  of  fiint,  such  as  form  the  chief  ingredient  of 
the  later  drift>gravels  of  the  higher  parts  of  the  country.  In  the 
cuttings,  however,  both  to  the  north  and  to  the  south  of  the  station, 
the  original  Bagshot  pebble-bed  has  remained  intact.  On  account  of 
the  water-logged  condition  of  the  beds  in  this  syncline,  piles  had  to 
be  driven  to  get  a  foundation  for  the  station. 

To  the  east  of  the  railway,  in  the  brick-field,  and  in  the  arable  land 
*  Quart.  Joarn.  GeoL  Soc  voL  xxxix.  p.  351. 
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immediately  to  the  south  of  it  the  pebble-hed,  intermingled  with  a 

:     I]  few  subangular  fragments  of  the  later  drift,  and  probably  somewhat 

;"  reconstructed,  is  exposed  at  the  surface,  many  of  the  pebbles  being 

j^_  very  large  (4  to  6  inches  in  length).     A  little  further  south,  at  the 

"  'Ji  College  Pig  Farm,  the  same  bed  was  found  intact,  with  a  thickness 

:['.  of  about  3  feet,  so  recently  as  last  year,  and  worked  for  gravel. 

L': :  The  bed  there  was  simply  a  mass  of  rounded  flint-pebbles  imbedded 

zt! ':  in  sand.     On  the  west  of  the  railway,  to  the  south  of  Amburrow 

£:'  ■  Hill,  it  has  been  again  exposed  in  excavations  recently  made  for 

il;  building-purposes,  and  it  is  well  exposed  in  the  grounds  of  Sand- 

l;l .  hurst  Lodge,  the  residence  W.  J.  Farrer,  Esq.,  F.G.8. 

ifi;  The  height   above  OJ).  level  of  the  Middle  Bagshots   at  the 

i^ii  Wellington  well-section  will  be  seen  from  an  inspection  of  fig.  1. 

:zl  ■ ,  The  upper  pebblo-bed,  for  example  (no.  3),  is  there  found  at  a 

ij; :'  height  of  about  260  feet ;  and  in  the  sections  just  described  its 

;J:.'  height  ranges  (owing  to  dip)  from  about  that  height  to  250  feet. 

]^\;  These  observations  as  to  altitudes,  it  may  be  remarked,  are  taken 

ri  -  (as  are  all  the  heights  mentioned  in  this  paper)  from  the  Ordnance  ' 

::•:'  Map  of  the  district,  constructed  on  the  scale  of  6  inches  to  the  mile. 

yj::  2.   Wellington  College  Lakes. — The  250  feet  contour-line  passes 

;::;  along  the  margin  of  the  lowermost  of  these  lakes,  which  have  been 

formed  by  simply  damming  up  the  natural  drainage  of  the  valley ; 

and  the  same  line  passes  close  to  the  railway-station.     Last  year  an 

extensive   excavation  for  the  new   swimming-basin  exposed   the 

pebble-bed  just  below  the  level  of  the  water,  at  a  height  above  O.D. 

level  of  250  feet.     Below  this  (which  was  of  the  same  character  as 

is  exhibited  by  it  in  the  railway-cutting  to  the  north  of  the  station) 

there  was  exposed  from  six  to  eight  feet  of  yellow  loam ;  and  beneath 

"^  this  again  the  green  clayey  bed  is  exposed  in  the  open  water-course 

by  which  the  lake  may  be  drained.     There  is  no  difficulty  in 

identifying  the  beds  here  exposed  with  those  of  Nos.  3,  4,  and 

5  of  figs,  ly  2 ;  and  the  continuity  of  the  green  loamy  sand  bed 

between  these  two  places  has  been  proved  in  recent  excavations. 

On  both  sides  of  the  lake  a  stiff  yellow  loam  (almost,  in  fact,  a  clay) 

occurs  above  the  pebble-bed  (No.  3),  as  it  commonly  does  at  the  base 

of  the  Upper  Bagshots  above  the  pebbles  (cf.  ante), 

3.  York  Town  and  Camberley, — Here  some  extensive  drainage- 
works  have  been  constructed  during  the  last  two  years.  The  main 
sewer  follows  the  turnpike  road.  It  commences  where  the  road 
passes  over  the  shoulder  of  the  Obelisk  Hill,  at  a  height  of  some 
320  feet.  As  the  excavation  descended  the  hill,  it  exposed  noting 
but  the  usual  buff-yellow  sands  of  the  Upper  Bagshots,  until  the 
altitude  of  about  260  feet  was  reached.  At  this  level  the  sands  were 
found  passing  down  into  the  usual  yellow  clayey  bed,  and  beneath 
this  a  bed  of  flint  pebbles  was  passed  through.  Below  these  pebbles 
a  yellow  loamy  sand  was  passed  through  till  the  level  of  247  feet 
wafl  reached,  when  this  passed  into  a  green  bed  of  clay  and  sand,  of 
about  ten  feet  in  thickness.  Below  this  the  excavation  was  con- 
tinued in  loose  green  sand,  the  bottom  of  which  was  not  reached. 
The  correspondence  in  thicknesses  and  altitudes  of  the  beds  here 
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immediately  to  the  south  of  it  the  pebble-bed,  intermingled  with  a 
few  subangular  fragments  of  the  later  drift,  and  probably  somewhat 
reconstruoted,  is  exposed  at  the  surface,  many  of  the  pebbles  being 
very  large  (4  to  6  inches  in  length).  A  little  farther  south,  at  the 
College  Pig  Farm,  the  same  bed  was  found  intact,  with  a  thickness 
of  about  3  feet,  so  recently  as  last  year,  and  worked  for  gravel. 
The  bed  there  was  simply  a  mass  of  rounded  flint-pebbles  imbedded 
in  sand.  On  the  west  of  the  railway,  to  the  south  of  Amburrow 
Hill,  it  has  been  again  exposed  in  excavations  recently  made  for 
building-purposes,  and  it  is  well  exposed  in  the  grounds  of  Sand- 
hurst Lodge,  the  residence  W.  J.  Farrer,  Esq.,  F.G.S. 

The  height  above  OJ).  level  of  the  Middle  Bagshots  at  the 
Wellington  well-section  will  be  seen  from  an  inspection  of  fig.  1. 
The  upper  pebblo-bed,  for  example  (no.  3),  is  there  found  at  a 
height  of  about  260  feet;  and  in  the  sections  just  described  its 
height  ranges  (owing  to  dip)  from  about  that  height  to  250  feet. 
These  observations  as  to  altitudes,  it  may  be  remarked,  are  taken 
(as  are  all  the  heights  mentioned  in  this  paper)  from  the  Ordnance  ^ 
Map  of  the  district,  constructed  on  the  scale  of  6  inches  to  the  mile. 

2.  Wellington  College  Lakes, — The  250  feet  contour-line  passes 
along  the  margin  of  the  lowermost  of  these  lakes,  which  have  been 
formed  by  simply  damming  up  the  natural  drainage  of  the  valley ; 
and  the  same  line  passes  dose  to  the  railway-station.  Last  year  an 
extensive  excavation  for  the  new  swimming-basin  exposed  the 
pebble-bed  just  below  the  level  of  the  water,  at  a  height  above  O.D. 
level  of  250  feet.  Below  this  (which  was  of  the  same  character  as 
is  exhibited  by  it  in  the  railway-cutting  to  the  north  of  the  station) 
there  was  exposed  firom  six  to  eight  feet  of  yellow  loam ;  and  beneath 
this  again  the  green  clayey  bed  is  exposed  in  the  open  water-course 
by  which  the  lake  may  be  drained.  There  is  no  difficulty  in 
identifying  the  beds  here  exposed  with  those  of  Nos.  3,  4,  and 
5  of  figs.  1,  2 ;  and  the  continuity  of  the  green  loamy  sand  bed 
between  these  two  places  has  been  proved  in  recent  excavations. 
On  both  sides  of  the  lake  a  stiff  yellow  loam  (almost,  in  fact,  a  clay) 
occurs  above  the  pebble-bed  (No.  3),  as  it  commonly  does  at  the  base 
of  the  Upper  Bagshots  above  the  pebbles  (c/.  ante), 

3.  York  Town  and  Camberley, — Here  some  extensive  drainage- 
works  have  been  constructed  during  the  last  two  years.  The  main 
sewer  follows  the  turnpike  road.  It  commences  where  the  road 
passes  over  the  shoulder  of  the  Obelisk  Hill,  at  a  height  of  some 
320  feet.  As  the  excavation  descended  the  hill,  it  exposed  nothing 
but  the  usual  buff-yellow  sands  of  the  Upper  Bagshots,  until  the 
altitude  of  about  260  feet  was  reached.  At  this  level  the  sands  were 
fotmd  passing  down  into  the  usual  yellow  clayey  bed,  and  beneath 
this  a  bed  of  flint  pebbles  was  passed  through.  Below  these  pebbles 
a  yellow  loamy  sand  was  passed  through  tSl  the  level  of  247  feet 
was  reached,  when  this  passed  into  a  green  bed  of  clay  and  sand,  of 
about  ten  feet  in  thickness.  Below  this  the  excavation  was  con- 
tinued in  loose  green  sand,  the  bottom  of  which  was  not  reached. 

The  correspondence  in  thicknesses  and  altitudes  of  the  beds  here 
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exposed  with  the  same  sequence  of  beds  shown  three  miles  off  at 
Wellington  College  (figs.  1,  2)  is  remarkable. 

4.  Tateley  Oreen, — A  well,  eighteen  feet  in  depth,  has  been 
lately  sunk  here  at  the  residence  of  the  Misses  Ridley.  This  w^  it 
entirely  in  the  thick  middle  green  sands  of  the  Middle  Bagahots. 
Nothing  but  green  sand  was  passed  through,  of  the  same  character 
as  that  of  the  beds  Nos.  7  and  8  in  figs.  1  and  2,  and  the  water- 
bearing horizon  at  the  base  of  these  green  sands  was  reached. 
There  was  a  great  '^  find "  here  of  Middle  Bagshot  fossils  of 
Bracklesham  age,  which  Prof.  Frestwich  has  prononnoed  to  be  the 
most  perfect  forms  he  has  yet  seen  from  the  Bagshot  beds  of  the 
London  Basin.  They  include  very  well-preserved  specimens  of 
Cardita  planicosta  (in  great  numbers),  OstreaJlabeUula^  Natiea  am- 
bulacra, and  a  fish-vertebra,  probably  of  the  genus  Otodus, 

The  height  of  the  beds  here  exposed  corresponds  almost  to  a  foot 
with  the  height  of  the  same  beds  in  the  College  well-section  (fig.  1). 

5.  Famhoroitgh. — A  very  good  section  of  the  buff-yellow  Upper 
Bagshot  Sands  is  shown  in  the  cutting  of  the  main  line  of  the 
S.W.  Eailway  to  the  east  of  the  station,  and  is  continued  in  the  hill 
above,  where  these  sands  have  been  lately  exposed  by  an  excavation 
for  the  crypt  of  the  Imperial  Mausoleum  just  erected  on  the  summit 
of  the  hill.  The  base  of  the  upper  division  is  not  exposed.  In 
the  excavation  for  the  crypt,  the  sand  was  found  to  be  washed 
almost  to  a  clean  white  sand,  and  partly  indurated  near  the  surface, 
the  depth  of  the  sand  of  this  character  increasing  as  the  hill  was 
descended.  This  I  attribute  merely  to  the  solvent  action  of  the 
humus-acids  furnished  to  the  rain-water  as  it  percolated  through 
the  sand  having  dissolved  out  the  iron  as  neutral  soluble  salts,  the 
iron  being  afterwards  precipitated  by  oxidation  when  the  water  was 
thrown  out  by  springs  at  lower  horizons.  This  process  may  still  be 
observed  in  numerous  streams  in  the  Bagshot  country.  Masses  of 
sand  more  than  usually  ferruginous  were  met  with  here,  as  in  other 
sections  in  the  Upper  Sands ;  and  in  some  of  these  casts  of  shells 
were  found,  including  one  of  Panapata  intermedia,  a  species  figured 
in  Dixon's  '  Geology  of  Sussex '  as  belonging  to  the  Bognor  Sands. 
The  height  of  this  hill  is  285  feet  above  O.D.  level,  and  from  70  to 
80  feet  of  strata  are  exposed  down  to  the  level  of  the  line. 

At  Eamboi^)ugh  B.ectory,  a  quarter  of  a  mile  to  the  south  (250 
feet  above  O.D.),  a  well  dug  last  year  reached  the  clay  at  the  base 
of  the  Upper  Bagshot  at  a  depth  of  46  feet. 

6.  Aldershot, — The  mass  of  Upper  Bagshot  mapped  by  the 
Survey  east  of  the  South  Camp  is  known  as  Thorn  Hill  (400  feet 
high).  A  sand-pit  on  the  southern  face  of  this  hill  exposes  true 
Upper  Sands,  and  shows  the  correctness  of  the  map  here.  At  350 
feet  above  O.D.  level  the  true  Bagshot  Pebble-bed  is  seen  cropping 
out  between  this  hill  and  Cambridge  Hospital,  and  resting  upon  a 
yellow  and  brown  loam  with  seams  of  pipe-day.  West  of  the 
hospital,  at  the  same  level,  the  Pebble-bed  is  three  feet  thid[, 
where  it  caps  the  escarpment;  it  dips  to  the  wnih,  conformably 
with  the  underlying  bed  of  brown  and  yellow  loam.  A  little  further 
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west  a  very  marly  bed,  with  many  pipe-clay  laminsB,  is  seen  in  a 
road-cutting  dipping  2°'b  north;  below  this  is  a  more  sandy  bed 
with  numerous  green  grains. 

Crossing  over  to  the  south  side  of  the  town,  a  good  section,  opened 
in  the  last  two  or  three  years,  is  met  with  in  the  brickyard 
between  the  reservoir  on  the  hill  and  the  station.  Here  a  brown 
and  yellow  loam,  well  stratified,  with  numerous  seams  of  pipe-clay 
(some  of  them  several  inches  in  thickness),  corresponding  in  cha- 
racter with  that  which  underlies  the  pebble-bed  on  the  northern 
side  of  the  town,  is  seen  witli  a  dip  of  2®  south,  with  a  layer  of 
indurated  ironstone  at  the  bottom,  lying  upon  an  eroded  surfa(te  of 
London  Clay,  which  is  now  here  worked  extensively  for  bricks,  and 
is  therefore  seen  in  good  fresh  sections.  Trom  its  position  and 
character  I  regard  this  loamy  bed  with  it«  subordinated  seams  of 
pipe-clay  and  green  grains  as  the  loamy  bed  No.  4  of  figs.  1  and  2 
developed  in  somewhat  larger  proportions  on  this  southern  side  of 
the  Bagshot  area. 

A  similar  loamy  bed  is  exposed  in  the  cutting  at  the  foot  of 
Bedan  Hill,  which  is  penetrated  by  a  short  tunnel  a  short  distance 
east  of  the  station.  Along  the  top  of  this  bed  of  loam  I  found 
perfectly  rounded  flint  pebbles  (some  of  large  size)  imbedded  in  a 
stiff  loam ;  and  above  this  line  of  pebbles  buff-yellow  sands  are 
exposed  for  about  fifty  feet  vertical.  The  pebble-bed  here  and  the 
sands  above  appear  to  dip  to  the  east ;  but  that  the  true  dip  is  a 
good  deal  to  the  south  of  east  is  indicated  by  the  occurrence  of  the 
line  of  pebbles  at  a  level  some  15  feet  lower  in  a  well-seetion  in 
the  cemetery  to  the  south-east  of  the  cutting. 

I  got  hold  of  a  well-digger  named  Lynch,  who  has  been  engaged 
in  the  digging  of  a  good  many  wells  (several  of  them  being  deep)  in 
and  about  Aidershot,  and  took  him  to  look  at  the  exposures  ^'  the 
loamy  bed,  pointing  out  to  him  its  characteristics.  He  assured  me 
that  the  same  kind  of  '*  loamy  sand "  was  invariably  met  with 
before  passing  into  the  "  blue  clay ''  in  all  the  wells  of  which  he 
had  any  knowledge,  and  the  indurated  ironstone  band  was  generally 
present  at  its  base.  From  the  depth  he  gave  me  of  the  surface  of 
the  "  blue  clay  "  in  several  wells,  the  Bagshot  Sands  evidently  lie 
hero  unconformably  against  London  Clay ;  and  we  have  seen  above 
that  in  ono  section  at  Aidershot  (that  in  the  brickyard)  there  are 
good  reasons  for  regarding  the  bed  seen  lying  immediately  upon  the 
eroded  London  Clay  as  the  uppermost  bed  of  the  Middle  Bagshot. 
Bedan  Hill,  though  mapped  as  Lower,  must  be  regarded,  I  think, 
in  the  face  of  the  above  evidence,  as  Upper  Bagshot. 

The  accompanying  sectional  diagram  (fig.  3)  has  been  constructed 
from  the  evidence  here  given. 

6a.  Cossar's  Camp,  Aidershot — The  Middle  Bagshot  green  sands 
are  exposed  in  a  section  at  the  rifle-butts  at  the  foot  of  the 
northern  escarpment  of  this  hill  at  the  height  of  about  350  feet. 
This  gives  us  more  than  200  feet  as  the  thickness  of  the  Upper 
Sands  in  this  hill  and  Beacon  Hill,  which  are  600  feet  high. 
Mottled  clay,  which  it  would  be  difficult  to  regard  as  anything  else 
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Fig.  3. — Section  across  the  Valley  of  Aldershot  Town. 
(Greatly  exaggerated  vertically.) 
8.  '  N. 

Aldershot  Town    Cambridge    Thorn  Hill. 
Bed  Hill.  and  Station.        Ho 


1.  Diift  gravel,  chiefly  of  subangular  discoloured  flint  lying  on  a  deeply  eroded 

surface  of 

2.  Upper  Bagshot  Sands,  with  predominant  colour  bufl*-ycllow. 
*  3.  Bed  of  well-rounded  flint  pebbles. 

4.  Yellow  and  brown  loam  and  loamy  sand,  with  numerous  layers  of  pipe- 
clay, occasionally  seyeral  inches  in  thickness. 
L.C.  London  Clay.    Occasional  flint  pebbles  and  shark's  teeth  are  met  with  in 
the  clay -pits  in  the  neighbouring  brick-fields. 

than  reconstructed  clay  of  the  Reading  Beds,  is  present  here  in  a 
considerable  mass  seyeral  feet  in  thidkness,  intercalated  with  the 
green  sands.  Above  the  rifle-butts  a  section  of  the  Upper  Sands 
shows  a  dip  of  2°  south ;  and  in  a  section  on  the  southern  side  of 
the  hill  I  measured  a  dip  of  8°  south.  The  hill-cap  also  slopes 
about  2°  to  the  south.  The  Middle  Bagshot  beds  exposed  at  the 
rifle-butts  pass  not  only  through  Caesar's  Camp,  but  through  Hungry 
Hill  also,  which  has  somehow  got  mapped  as  Lower  Bagshot  ^Diis 
hill  is  550  feet  high,  the  sections  about  its  upper  part,  down  to 
about  350  feet,  show  Upper  Bagshot  Sands  like  those  of  the  upper 
200  feet  of  Caesar's  Camp,  and  springs  come  out  at  about  350  feet 
level.  At  about  this  level,  on  the  southern  slope  of  Hungry  Hill, 
in  the  Tillage  of  Upper  Hale,  the  water-bearing  horizon  at  the  base 
of  the  Upper  Sands  is  proved  in  two  wells,  one  of  which  begins  at  a 
height  of  about  450  feet  and  is  114  feet  deep,  while  the  other 
begins  at  a  height  of  400  feet  or  so  and  is  56  feet  deep.  This 
information  was  given  me  by  the  man  who  was  engaged  in  digging 
them.  A  little  way  further  down  the  hill  the  "  blue  clay "  was 
penetrated  at  a  depth  of  about  25  feet.  These  facts  do  not 
harmonize  with  the  details  of  fig.  89,  p.  376  of  the  Survey  Memoir, 
and  they  are  still  more  discordant  with  the  mapping,  which  repre- 
sents the  Middle  Bagshot  beds  as  cropping  out  on  Qie  eastern  flank 
of  Ceesar's  Camp,  where  a  drift-clay  deposit  lies  upon  the  slope  of 
the  hill ;  it  is  to  be  seen  at  the  rifle-butt  filling  an  eroded  hollow 
in  the  Middle  Bagshot  beds,  which  are  as  nearly  as  possible  hori- 
zontal, instead  of  lying  at  a  high  angle,  as  the  mapping  would 
require.  This  day  is  as  unstratified  as  any  Boulder-clay,  and 
bricks  were  made  from  it  rather  more  than  20  years  ago  at  a  height 
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of  about  500  feet.  In  the  wells  mentioned  on  the  southern  slope  of 
Hungry  Hill  nothing  hut  buff-yellow  sand,  occasionally  more 
deeply  stained  with  oxide  of  iron,  was  met  with,  and  the  water- 
bearing stratum  was  described  to  me  as  a  *^  stiff  yellow  loam." 

From  the  facts  just  mentioned  it  would  appear  that  beds  high  up 
in  the  Bagshot  Series  rest  against  the  London  Clay  in  these  hiUs. 

7.  VaUey  north  of  Wellington  College  Station  (comp.  fig.  2). — 
Turning  to  the  geological  map,  we  find  the  northern  boundary  of  the 
Middle  Bagshot  drawn  along  this  valley  ;  but  there  are  reasons  for 
doubting  the  correctness  of  this  delimitation,  and  for  regarding  the 
beds  on  the  north  side  of  this  valley  as  a  repetition  of  the  beds  of  the 
Middle  Division  exposed  od  the  south  side  of  it,  though  they  are 
obscured  by  a  considerable  accumulation  of  drift  on  the  north  side. 
The  facts  are  as  follows : — 

(1)  The  Clay-bed  (No.  9)  is  reached  in  the  valley  at  a  higher 
level  than  the  bottom  of  the  valley  This  position  of  the  clay  is  re- 
presented in  fig.  2. 

(2)  A  little  farther  to  the  west,  where  the  old  Eoman  road 
known  as  the  Devil's  Highway  crosses  the  highroad  to  Wokingham, 
a  well  has  been  recently  dug  to  a  depth  of  88  feet.  The  mouth  of 
this  well  is  about  240  feet  above  O.D.,  and  therefore  about  10  feet 
lower  than  the  uppermost  limit  of  the  green-sand  beds  (No.  7  of 
figs.  1  and  2)  exposed  at  the  northern  end  of  the  cutting.  Making 
allowance  for  the  decoloration  of  the  upper  portion  of  the  green 
sand  in  this  well-section  by  the  action  of  oxygenated  rain-water, 
there  is  a  striking  correspondence  in  the  sands  pierced  by  this  well 
and  the  sands  (Nos.  7  and  8  of  fig.  2)  which  crop  out  on  the 
opposite  side  of  the  valley  ;  the  green  staining  of  the  sand  increased 
in  intensity  with  the  depth  of  the  well ;  lignite  in  a  fragmentary 
state  abounded  in  it,  especially  in  the  lower  portion ;  and  at  the 
bott^om  of  the  well  laminated  clay  was  found,  like  that  of  bed  No.  9 
in  figs  1  and  2. 

(3)  In  the  shallow  cuttings  of  the  railway,  both  north  and  south 
of  the  Nine-mile  Ride,  the  bed  exposed  agrees  in  character  with 
the  bed  No.  4  in  fig.  2,  and  upon  it  a  pebble-bed  is  found  to  rest 
(especially  well  seen  in  an  old  ballast-pit  adjoining  the  railway),  as 
the  pebble-bed  No.  3  does  in  the  section  represented  in  fig.  2.  The 
pebble-bed  at  this  spot  is  about  210  feet  above  0.D  level. 

(4)  The  brook-section  west  of  the  railway  (though  obscured  very 
much  by  peat-deposits)  shows  here  and  there  clay  similar  to  that 
found  in  the  bed  No.  5  of  fig.  2,  at  a  height  of  200  feet. 

(5)  Very  near  to  this,  an  extensive  lake-excavation,  recently 
made,  was  chiefly  in  a  loamy  sand,  reaching  a  laminated  and  green 
bed  at  its  deepest  part,  at  levels  corresponding  with  those  just 
described  (3,  4). 

(6)  Half  a  mile  to  the  west  a  hill  in  the  midst  of  the  pine-woods 
has  been  excavated  for  rifle-targets  at  about  210  feet  above  O.D. 
Loamy  sands,  with  seams  of  pipe-clay,  are  exposed  here  with  a  dija 
of  nearly  5°  to  the  north. 

(7)  A  third  of  a  mile  to  the  west  of  the  rifle-range  on  the  north 
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Blope  of  Upwick's  Hill  a  clay-bed  with  intercalated  layers  of  green 
eand  is  exposed  in  a  clay-pit  on  the  250  feet  contour- line.  This 
agrees  in  character  with  the  bed  No.  5  (fig.  2).  Above  it  is  a  loamy 
bed  stained  green,  as  the  bed  No.  4  is  occasionally,  where,  when 
the  contour  of  the  country  was  somewhat  different,  it  may  haie 
underlain  for  a  long  time  a  marshy  deposit.  Some  20  or  30  feet 
below  this,  a  light-coloured  clay,  which  resembles  very  closely  the 
lower  clay  of  the  Middle  Division  (Nos.  9  and  10),  is  extensively 
worked  for  bricks  in  Mr.  Walter*s  brickyards.  This  I  am  now 
disposed  (after  examining  the  evidence  more  closely)  to  regard  as 
belonging  to  that  horizon,  even  though  the  sandy  beds  exposed 
immediately  above  it  in  the  same  section  are  not  green,  the  green 
colour  having  been  probably  changed  to  a  rusty  brown  by  recent 
oxidation. 

8.  Roadrseciion  ^-mile  north  of  Wellitiffton  College, — The  new 
road  to  Wokingham  crosses  here  the  same  line  of  valley  (7)  as  that 
which  the  railway  crosses  north  of  the  station. 

The  slight  anticlinal  arrangement  of  the  Middle  Bagshot  beds 
(Nos.  4,  5,  7,  figs.  1  and  2)  is  shown  here  more  plainly.  The  over- 
lying pebble-bed  (No.  3)  is  found  on  both  sides  of  the  valley,  and 
the  beds  Nos.  4  and  5  are  well  exposed  in  the  road-cuttings  oa 
either  side.  The  clay-bed  (No.  9)  appears  low  down  the  valley  and 
is  seen  by  the  side  of  the  ditch.  Halfway  between  these  two  sec- 
tions the  bed  No.  5  was  worked  near  Clark's  cottage  for  bricks  abont 
fifteen  years  ago. 

9.  Wokingham. — On  the  map  this  town  is  represented  as  lying  on 
an  outlier  of  Lower  Bagshot  Sand  (i.  4).  This,  however,  admits  of 
question,  since  the  sands,  wherever  exposed  or  penetrated  in  the 
numerous  wells  (from  20  to  30  feet  deep)  in  the  town,  are  buflf-yellow 
sands  like  those  of  the  Upper  Division.  There  is  a  section  exposed  oa 
the  South-western  Railway,  where  the  footpath  crosses  the  line  be- 
tween the  town  and  Tangleys.  The  beds  exposed  here  consist  of  sand 
and  light  loam  with  thin  layers  of  pipe-clay,  and  are  more  like  the 
bed  at  the  top  of  the  Middle  Division  (No.  4,  fig,  2)  exposed  in  the 
railway-section  at  Wellington-College  station,  than  anything  els© 
with  which  I  am  acquainted  in  the  Bagshot  Series.  The  height 
here  is  200  feet,  and  the  London  Clay  is  met  with  about  4  feet 
below  the  line,  while  a  little  further  down  the  valley  to  the  west 
the  Wokingham  Town  well  ♦  commences  in  the  London  Clay  itself. 
The  beds  exposed  in  this  cutting  are  horizontal  in  an  east-and-west 
direction  ;  but  from  the  absence  of  good  exposures  on  the  northern 
slope  of  the  cutting,  it  is  impossible  to  say  if  there  is  any  dip  in  a 
north-and-south  direction.  One  or  two  thin  lines  of  pebbles  occur 
in  this  section,  and  upon  the  sands  just  described  a  bed  of  pebbles 
(cut  through  in  places  by  later  drift)  is  to  be  seen.  Not  fer  from 
this  cutting  the  London  Clay  is  worked  in  Mr.  Churchman's  brick- 
yard, and  there  the  buff-yeUow  sands  of  the  hill-cap  are  seen  fiUing 
the  hollows  of  the  eroded  surface  of  the  London  Clay. 

»  Described  by  Prot  T.  Rupert  Jones,  FJLa,  in  the  GeoL  ICag.  dee.  u. 
Tol.  viL  p.  421,  &c. 
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At  St.  Paul's  rectory  two  wells  were  dug  a  few  years  ago  by  my 
friend  the  Rev.  J.  T.  Brown.  Commencing  at  about  the  same  level 
with  both  wells,  which  are  only  a  few  yards  distant  from  one 
another,  in  one  well  25  feet  of  butf-yellow  sand  was  passed  through, 
and  then  a  copious  supply  of  good  water  was  obtained  at  the  top  of 
the  London  Clay ;  in  the  other  a  mere  layer  of  yellow  sand  was 
passed  through,  when  the  ^'  blue  day  "  was  pierced  and  penetrated 
to  a  depth  of  135  feet  This  fact  seems  to  admit  of  no  other 
explanation  than  pronounced  erosion  of  the  Loudon-Clay  surface 
beneath  the  Bagshot  Sands  of  the  Wokingham  outlier. 

Just  north  of  Wokingham  station  there  is  another  exposure  of 
Bagshot  Sands,  which  agree  in  character  with  the  loamy  sands  of 
the  bed  ^o.  4  of  figs.  1  and  ^,  to  which  reference  has  been  so  often 
made.  The  sands  are  exposed  just  below  St.  Paul's  church.  Im^ 
mediately  to  the  north  of  the  bridge  over  the  railway,  the  London 
Clay  with  septarian  nodules  comes  in  at  the  bottom  of  the  cutting, 
and  rises  as  we  advance  northward  along  the  cutting  until  the 
overlying  sands  disappear.  Yet  the  stratification  of  both  the  Bag- 
shot  Sands  and  the  London  Clay  is  horizontal,  as  proved  for  the 
former  in  the  section  below  the  church,  for  the  latter  in  Mr.  Phillips's 
brickyard  just  below.  Here,  then,  we  have  a  case  of  the  Bagshot 
Sands  (whatever  particular  horizon  they  may  occupy  in  the  Bagshot 
Series)  deposited  against  a  denuded  shelving  shore  of  the  London 
Clay,  unless  we  assume  the  presence  of  a  fault  hading  at  a  very  low 
angle.  This  is  more  clearly  expressed  in  the  adjoining  diagram 
(fig.  4). 

Fig.  4. — Section  in  Cutting  north  of  Wokingham  Station, 
8.  X. 


a.  Bagshot  Sand.  b.  London  Clay. 

10.  Bracknell, — Bracknell  station  (on  the  South-western  Railway) 
is  250  feet  above  O.D.  level.  In  the  long  cutting  east  of  this  station 
beds  of  the  Middle  and  Upper  Bagshot  Sands  are  exposed. 

ft. 

rf.  Buff-yellow  sands    10-15 

c.  Bed  of  flint  pebbles  imbedded  in  sand   1 

b.  Yellow  loamy  sand  6 

a.  Dark  black  and  gree»  clay  (exposed)    4 

The  lowest  bed  {a)  here  exposed  gave  much  trouble  in  making 
the  cutting.  Being  water-logged,  it  caused  numerous  "  slips,"  so 
that  rushes  had  to  be  planted  along  the  bottoms  of  the  cutting- 
slopes  to  give  them  security.  The  altitude  of  the  pebble-bed  at 
this  spot  is  260  feet,  which  agrees  with  the  altitude  of  a  massive 
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pebble-bed  at  Easthampstead  church,  about  a  mile  to  the  south, 
and  with  that  of  the  pebble-bed  of  tiie  sections  already  described 
at  Wellington-College  station  and  at  Camberley,  as  well  as  with  that 
of  the  pebble-bed  at  the  top  of  the  Middle  Bagshots  exposed  in  the 
cuttings  on  the  new  line  between  Ascot  and  Bagshot  *. 

At  the  top  of  the  Bracknell  cutting  flint-pebbles  come  in  again 
in  great  force,  the  original  bed  haying  been,  it  would  appear, 
reconstructed.  I  saw  them  again  in  great  quantity,  without 
observing  a  single  angular  fragment  of  flint  among  them,  in  a  garden 
close  by  Bracknell  church ;  and  at  Wick  Hill,  half  a  mile  further  to 
the  north,  they  are  seen  lying  upon  yellow  loamy  sand,  and  filling 
up  the  hollows  of  its  eroded  surface  to  a  depth  of  three  feet,  at  an 
altitude  of  about  285  feet.  I  could  find  no  evidence  to  indicate  a 
southward  dip  in  the  strata  hereabouts,  and  there  b  certainly  none 
in  the  railway-cutting.  Moreover,  on  the  slope  of  Wick  Hill  a 
feebler  pebble-bed  is  exposed  in  the  ditch,  a  few  feet  only  above  the 
London  Clay,  agreeing  in  character  and  position  with  that  exposed 
in  the  railway-cutting  (r).  There  are  clearly,  therefore,  tufo  pebble- 
beds  at  Bracknell.  That  we  have  good  reason  for  regarding  them  both 
as^belonging  to  the  Upper  Division  of  the  Bagshot  seriee,  I  think  I 
may  claim  to  have  shown,  though  these  Bracknell  beds  are  mapped 
as  Lower  Bagshot  (t.  4). 

General  Cohclusions. 

By  the  evidence  given  in  the  preceding  sections,  I  think  some 
new  light  is  thrown  upon  the  physical  history  of  the  Bagshot  strata 
of  the  London  Basin. 

1.  We  have  succeeded  in  tracing  pretty  clearly  the  horizon  of  the 
Middle  Bagshot  strata  and  the  base  of  the  Upper  Bagshot  across 
nearly  the  whole  of  the  country  from  Aldershot  to  Wokingham,  a 
distance  of  about  13  miles. 

2.  While  in  the  deep-well  sections  the  order  of  superposition  is 
dear,  and  the  Lower  Bagshot  Sands  of  those  sections  are  charac- 
terized by  the  great  predominance  of  green  sand,  or  sand  coloured 
by  amorphous  matter  of  vegetable  origin,  we  fail  to  find  such  sands 
along  the  northern  and  southern  margins  of  the  area. 

3.  A  passage  from  London  Clay  into  Lower  Bagshot  Sands  seems 
pretty  clear  in  the  deep- well  section  at  Wellington  College,  and  may 
exist  in  the  other  deep-well  sections ;  but  in  the  sections  described 
in  this  paper  on  the  north  and  south  there  appears  to  be  no  suck 
passage.  On  the  other  hand,  both  on  the  northern  and  southern 
margins  higher  members  of  the  series  than  the  Lower  Bagshot  are 
found  lying  in  dose  jToximity  to  the  London  Clay,  evidence  of 
unconformity  being  furnished  in  several  of  the  sections. 

4.  The  Bagshot  strata,  as  u  whole,  do  not  lie  in  a  syndinal  curve, 
though  a  true  synclinal  arrangement  prevails  in  the  southern  half 
of  the  region,  which  may  perhaps  be  fitly  termed  the  Famboroogfa 
Syndine. 

*  Vids  Monckton,  Quart.  Joum.  QeoL  Soe.  Ice,  eit. 
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The  base  of  the  Upper  Bagshot,  for  example,  is  found  at  the  respec- 
tive altitudes  of  350  feet  at  Aldershot,  about  130  feet  at  Pamborough 
and  Mytchett,  250  to  260  feet  at  Camberley  and  about  Welling- 
ton College,  and  again  about  260  feet  at  Bracknell.  There  must 
therefore  have  been  earth-moyements  accompanied  by  alterations  of 
level  since  the  Bagshot  strata  were  deposited,  as  if  caused  by  lateral 
pressure  acting  in  a  north-and-south  direction.  Such  movements 
may  have  been  synchronous  with  the  greater  movement  which 
produced  the  Isle-of- Wight  anticline,  and  placed  the  whole  Bagshot 
Scries  at  a  high  angle  of  inclination  along  the  north  side  of  it«  axis. 
In  the  greater  elevation  of  the  Bagshot  horizons  at  Aldershot, 
there  seems  to  be  some  indication  of  an  additional  elevation  of  the 
line  of  the  Hog's  Back,  and  therefore  probably  of  the  Wealden 
anticline,  after  the  Bagshot  Strata  of  the  London  Basin  were 
deposited. 

5.  The  great  thickness  of  the  Lower  Bagshot  Sands  in  the  deep- 
well  sections,  taken  together  with  their  passage  downwards  into 
the  London  Clay,  their  diminution  in  thickness  southwards,  and 
the  apparent  absence  of  them,  in  the  sections  described,  along  the 
northern  and  southern  margins  of  the  district,  are  good  reasons 
for  believing  that  previous  tx>  the  deposition  of  the  Lower  Bagshot 
Strata  the  London  Clay  was  thrown  into  a  slight  syncline,  and 
suffered  a  considerable  amount  of  denudation  during  Bagshot  times, 
both  on  the  northern  and  southern  sides  of  the  area ;  a  strong  case 
for  the  overlap  of  the  Upper  Bagshot  Sands  seems  thus  to  be  made 
out. 

6.  This  last  conclusion  seems  to  be  borne  out  by  a  comparison  of 
some  ascertained  thicknesses  of  the  London  Clay  itself. 

(a)  At  Wokingham  this  has  lately  been  proved  to  be  only  about 
270  feet.  In  the  well  for  the  Wokingham  District  waterworks,  of 
which  a  complete  section  has  been  recorded  by  Prof.  Rupert  Jones  ♦, 
the  boring  commenced  in  the  London  Clay  and  passed  through 
263  feet  of  that  formation ;  and  the  Bagshot  Sands  rest  upon  the 
London  Clay  near  by,  at  a  level  only  a  few  feet  above  the  mouth  of 
the  well. 

(6)  In  the  Wellington-College  well,  the  Chalk  is  said  to  have 
been  reached  at  about  650  feet.  Deducting  from  this  rather  more 
than  200  feet  of  Bagshot  Strata  (c/.  ^g,  1),  we  have  over  400  feet 
for  the  vertical  range  of  the  London  Clay  and  the  Heading  beds, 

(c)  Quite  recently  the  Chalk  has  been  reached  at  Brookwood,  as 
I  am  informed  by  Mr.  Thomas  Tilly,  of  15  Walbrook,  at  a  depth  of 
640  feet  from  the  surface.  This  gives  us  over  400  feet  for  the 
thickness  of  the  London  Clay  at  this  spot. 

(d)  At  Aldershot  the  thickness  of  Uie  London  Clay  was  proved  a 
few  years  ago,  in  the  Aldershot  town  well,  to  be  120  feet.  The 
mouUi  of  this  well,  which  begins  in  London  Clay,  is  250  feet  above 
O.D.  level,  and  the  Bagshot  Sands  are  seen  resting  upon  the  London 
Clay  at  a  level  not  much  more  than  50  feet  higher,  so  that  the  thick- 

*  Qeol.  Mag.  dec  ii.  vol  Tii.  p.  421 
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ness  of  the  London  Clay  beneath  Aldershot  may  be  estimated  at  less 
than  200  feet. 

7.  A  comparison  of  the  sections  described  in  this  paper  shows 
that  at  one  horizon  (the  base  of  the  Lower  Bagshots)  the  beds  of 
flint  pebbles  are  far  more  widely  distributed  than  at  any  other 
horizon.  Whether  these  pebbles  are  fragments  of  flint  worn  by 
the  rolling  of  a  tidal  surf  and  derived  immediately  from  the  denuda- 
tion  of  the  Chalk,  or  were  flrst  imbedded  in  the  Beading  beds  and 
the  basement-bed  of  the  London  Clay,  and  supplied  to  the  Bagshot 
Strata  by  the  denudation  of  those  portions  of  the  Lower  London 
Tertiaries  which  became  more  generally  exposed  to  denuding  agencies 
at  the  incoming  of  the  period  marked  by  the  Upper  Bagshot  Sands, 
the  Bagshot  sea  must  in  either  case  have  had  access  to  older  for- 
mations ;  and  this  could  hardly  happen  without  imconformity  *. 
I  attach  great  weight  to  the  evidence  afforded  by  the  wide  range  of 
the  pebble-bed  at  the  base  of  the  Upper  Bagshot  Sands,  as  showing 
at  that  stage  a  much  greater  extension  of  the  area  occupied  by 
marine  waters,  and  the  consequent  overlap  of  the  Upper  Sands ;  and 
this  is  borne  out  by  the  numerous  casts  of  diminutive  forms  of  a 
saltwater  fauna  f  (such  as  we  should  find  in  a  shallow  sandy  estuary 
open  to  the  sea)  which  are  met  with  in  the  buff-yellow  sands  of  the 
Upper  Bagshot,  at  horizons  not  far  above  the  pebble-bed  at  the  base. 
This  cumulative  evidence  seems  to  show  that  at  the  incoming  of 
Upper  Bagshot  times  extensive  denudation  of  the  Beading  beds  and 
the  base  of  the  London  Clay  was  going  on ;  and  this  view  is  borne 
out  by  the  appearance  of  mottled  clays  intercalated  with  the  green 
sands  at  the  foot  of  Caesar's  Camp  near  Aldershot,  which  has  been 
already  mentioned. 

Further  to  the  west,  along  the  south  side  of  the  valley  of  the 
Kennet,  there  is  strong  evidence  of  unconformity.  Sections  are 
mentioned  in  the  memoir  J  where  loamy  sands  with  overh-ing 
pebble-beds  (which  agree  in  character  more  with  the  upper  bed  of 
the  Middle  Bagshot  and  the  overlying  pebble-bed  of  the  sections 
described  in  this  paper  than  with  anything  we  know  of  in  beds  of 
undoubted  Lower  Bagshot  age)  rest  upon  the  London  Gay  within 
a  few  feet  only  of  its  basement-bed.  In  one  section  these  loamy 
Bagshot  Sands  are  said  to  rest  immediately  upon  the  London  Clay 
basement-bed,  and  in  another  to  overlap  even  this  and  to  rest 
immediately  upon  the  Chalk. 

The  difficulty  in  the  way  of  the  theory  suggested  in  this  paper, 
arising  from  the  presence  of  marine  shells  (e.  g,  at  Yateley)  in  the 
Middle  Bagshot  beds,  may  be  perhaps  removed  if  we  recoUect  that 
(1)  they  occur  very  locally;  (2)  they  are,  as  a  rule,  much  broken, 
worn,  and  even  comminuted  ;  (3)  they  appear  to  be  confined  to  the 
coarser  sediments  of  the  Middle  Bagshot  beds.    Such  results  might 

*  This  was  poiDtod  out  by  Mr.  Whitaker  when  this  paper  was  disused  at 
the  8ociety*8  Meeting. 
t  Comp.  Monckton,  he.  cit, 
\  Geological  Survey  Memoirs,  toL  iv.  pp.  178,  179. 
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easily  follow  from  occasional  and  local  intrusions  of  the  sea  (perhaps 
at  unusually  high  tides),  owing  to  the  shifting  nature  of  the  land- 
barriers  which  are  formed  and  removed  from  time  to  time  at  the 
sea-margin  of  a  delta. 


Disoussioir. 

Prof.  Prestwioh,  while  admitting  some  of  the  facts  recorded 
in  the  paper,  could  not  agree  with  the  Author  in  some  of  his  con- 
clusions drawn  from  those  facts.  The  variations  in  thickness  of  the 
London  Clay  were  no  proof  of  actual  unconformity.  His  many  deep- 
well  sections  were,  he  thought,  of  much  interest.  At  the  time  he  had 
himself  studied  the  country,  the  district  was  a  wilderness,  and  there 
was  only  one  weU-section  into  the  Chalk  in  the  district.  He  did 
not  attach  the  same  importance  to  the  minute  subdivision  of  the 
Bagshot  beds  which  the  Author  did.  He  did  not  think  sufficient 
allowance  had  been  made  for  local  variations  in  the  divisions  of 
such  beds  as  the  Bagshot  series. 

Prof.  RuPEBT  Jones  thought,  with  the  Author,  that  the 
pebble-beds  marked  the  lapse  of  considerable  intervals  of  time. 
He  thought  that  the  variations  in  the  thickness  of  the  London  Clay 
were  very  interesting ;  but  the  persistence  of  the  Woolwich  Beds 
showed  that  the  flexure  of  the  strata  took  place  after  the  deposition 
of  the  Bagshots.  He  had  seen  an  apparent  unconformity  between 
the  Bagshots  and  the  London  Clay  at  Bracknell. 

Mr.  Whitakeb  stated  that  when  the  geological  map  of  the  dis- 
trict was  made  by  his  colleagues  very  few  sections  existed.  He 
thought  that  the  pebble-beds  were  of  importance,  though  not 
persistent.  Mr.  Polwhele  trusted  rather  to  the  green  bed  than  to 
the  pebble-beds  as  his  guide  in  mapping  the  Middle  Bagshot.  The 
occurrence  of  pebble-beds  composed  entirely  of  Chalk-flints  was  a 
proof  of  the  existence  of  an  unconformity  somewhere,  as  they 
showed  that  the  sea  of  the  period  must  have  reached  the  Chalk.  He 
had  pointed  out  the  likelihood  of  this  having  occurred  in  the  far 
west  of  the  London  Basin. 

Mr.  MoNCKTON  entirely  disagreed  with  the  interpretation  of  the 
sections  by  the  Author.  He  regarded  well-sections  with  the  very 
greatest  suspicion.  He  considered  the  green  sand  the  type  of  the 
Middle  Bagshot.  He  agreed  with  Mr.  Whitaker  that  the  Author 
bad  confused  pebble-beds  on  different  horizons,  some  near  the  top 
of  the  Middle  and  others  in  the  Lower  Bagshots.  He  thought  the 
sands  and  pebble-beds  of  the  Lower  Bagshot  were  always  clearly 
distinguishable  from  those  of  the  Upper  Bagshot. 

The  AxTTHOR  admitted  that  pebble-beds  alone  did  not  define 
horizons,  and  he  had  not  referred  to  them  in  this  way  except  where 
the  sequence  of  beds  above  and  below  them  was  undoubtedly  clear. 
He  had  endeavoured  in  the  paper  to  explain  the  remarkable  persist- 
ence of  that  which  occurs  at  the  base  of  the  Upper  Bagshot  sands, 
a  J.  G.  S.  No.  163.  2  k 
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and  the  coiiditioiis  indicated  by  it  and  ite  position.  The  preTioiu 
speakers  had  overlooked  tho  fact  that  the  Lower  Sands,  when  near 
tho  surface,  were  only  the  dirty  green  sands  of  the  deeper  weU- 
sections,  cleaned  from  carbonaceous  matter  by  the  action  of  oxygen- 
ated water,  delta-conditions  characterizing  both  the  Middle  and 
Lower  series.  The  horizon  of  the  pebble-beds  at  Bracknell  wm 
very  clear,  the  evidence  of  this  being  given  in  the  paper.  In  the 
section  near  Ash  mentioned  by  Mr.  Monckton  the  northward  dip 
of  the  Lower  Bagshots  corresponded  with  the  northern  dip  of  the 
small  anticlinal  at  Aldershot;  and  a  comparison  of  the  two  sections 
seemed  to  afford  further  proof  of  the  pre-Bagshot  erosion  of  the 
London  Clay.  He  regarded  the  whole  •evidence  as  pointing  to  the 
partial  formation  of  the  present  London-Clay  syndine  and  to 
considerable  denudation  before  the  deposition  of  the  Bagshot  beds. 
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37.  On  the  ao-caUed  Dioeitb  of  Little  Knoit  (CuKBERLAin)),  with 

further  remarks  an  the  Occurrence  of  Picrites  in  Wales.     By 

Professor  T.   G.   Bonkbt,  D.Sc.,  LL.D.,  F.R.S.,  Pros.  G.S., 

Fellow  of  St.  John's  College,  Cambridge.      (Read  May  27, 

1886.) 

[Plate  XVI.] 

lu  my  second  note  ♦  on  the  homblende-picrite  bonlders  which  are 
scattered  over  the  neighbourhood  of  Ty  Croes,  Anglesey,  I  briefly 
noticed  a  similar  rock  which  occurs  in  situ  at  Little  Knott  in  the 
Lake  District,  and  has  been  described  by  the  late  Mr.  Clifton  Ward 
as  an  exceptional  variety  of  diorite.  In  the  spring  of  last  year  I 
was  enabled  to  visit  this  district,  and  had  the  advantage  of  the  com- 
pany of  Mr.  J.  Postlethwaite  of  Keswick,  whose  local  knowledge 
was  of  great  assistance  to  me.  Little  Knott  is  a  slight  prominence  or 
shoulder  on  the  crest  of  Long  Side,  a  spur  from  the  main  mass  of 
Skiddaw,  where  the  former  b^ins  to  fall  more  sharply  down  to  the 
lowlands  on  the  north.  The  picrite  is  represented  on  the  six-inch 
map  of  the  Geological  Survey  as  an  elongated  dyke-like  mass,  running 
nearly  E.  and  W.  for  about  650  yards,  and  generally  about  40  yards 
wide,  the  outcrop  of  which  extends  from  Little  Knott  across  a  ravine 
to  a  point  at  about  the  same  elevation  on  the  opposite  ridge.  The 
boundary,  however,  is  inferential  in  a  part  of  this  area,  as  the  rock 
is  by  no  means  continuously  exposed,  no  small  portion  being  covered 
with  turf. 

Long  Side  consists  of  Skiddaw  Slate ;  at  one  locality  on  its  western 
slope  Graptolites  are  not  rare,  and  here  Mr.  Postlethwaite  on  the 
occasion  of  our  visit  discovered  a  Lingula,  At  Little  Knott  itself  the 
picrite  mass,  being  about  its  usual  width,  is  bounded  on  either  side 
by  a  low  outcrop  of  indurated  Skiddaw  Slate.  Prom  this  part  of  the 
crest  the  picrite  can  be  traced  eastwards  down  the  steep  slope ;  an 
irr^ularly  projecting  mass,  traversed  by  occasional  joints,  and  thus 
divided  into  large  blocks,  giving  to  the  greater  prominences  quite  a 
grandiose  aspect.  It  follows  the  line  of  a  slight  depression  and  is 
ultimately  covered  up  by  the  turf.  The  bum  at  the  bottom  of  the 
glen  runs  over  a  mass  of  boulders.  On  the  opposite  hillside  no 
rock  was  visible  above  the  turf  until  we  reached  about  the  level  of 
Little  Knott,  where,  on  the  brow  of  the  ridge,  is  a  group  of  huge 
blocks.  I  could  not  satisfy  myself  that  any  of  these  were  certainly 
in  situ,  though  the  live  rock  must  be  close  at  hand.  Mr.  Ward,  I  find, 
regarded  them  as  boulders.  The  largest  block  is  about  18  feet  long, 
8  feet  wide,  and  7  feet  high  :  it  rests  on  Skiddaw  Slate,  which  has  a 
baked  aspect  and  appears  to  be  in  situ,  A  short  distance  to  the 
south,  among  indurated  Skiddaw  Slate,  is  an  outcrop  which  Mr.  Ward 

*  Qoart  Joum.  QeoL  See  voL  zxzix.  p.  254.    I  may  take  this  opportunity 
of  correcting  a  miBprint :  on  p.  255,  line  8,  for  milky  read  silky. 
aJ.Q.B.»o.l64.  2o 
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connecte  with  the  mass  on  Little  Knott.  This  very  probably  is  cor- 
rect, but  the  rock  appeared  to  me  limited  in  area.  It  is  fine-grained 
and  not  at  all  characteristic.  It  is,  however,  possible  that  I  may 
have  overlooked  some  small  connecting  outcrops  lower  down  the 
hillside. 

The  rock,  as  seems  not  seldom  to  be  the  case  with  picrites  and 
the  more  basic  olivine-diabases,  varies  greatly  in  character.  At  the 
first  outcrop  on  Little  Knott  the  dominant  rock  (No.  I.)  is  fine- 
grained, not  porphyritic,  and  not  at  all  like  that  of  the  Anglesey 
boulders,  resembling  a  dioritic  rock  rich  in  hornblende  and  poor  in 
felspar.  There  is  also,  near  the  western  end  of  the  area,  on  its 
northern  side,  an  outcrop  of  rock  (presumably  connected  with  the 
main  mass  and  close  to  the  altered  Skiddaw  Slate)  which  is  very  com- 
pact, of  a  dull  grey  colour,  more  like  a  felstone.  Then  a  short  distcmoe 
further  east,  the  ordinary,  rather  fine-grained,  dull  green  variety 
(No.  II.)  passes  gradually  in  the  space  of  about  a  yard  into  a  mottled 
pinkish-grey  and  dull  green  rock,  like  an  ordinary  syenite  or  diorite 
(No.  III.).  Further  down  the  eastern  slope  of  the  hill,  about  the  central 
part  of  the  exposure,  the  rock  becomes  coarser,  crystals  of  hornblende 
about  *2  to  *3  inch  across,  with  the  characteristic  dull  green  serpen- 
tinous  enclosures,  being  abundant  (No.  lY .).  Here  and  there  the  rock 
becomes  still  coarser,  the  hornblende  oiystals  being  *4  or  perhaps  even 
*5  inch  across,  but  I  did  not  find  any  larger  than  this  (No.  Y.).  In 
one  part  the  bigger  crystals  are  raUier  crowded  together  and  tend 
to  occur  in  veinlike  bands.  The  coarser  varieties  much  resemble 
the  rock  of  the  Anglesey  boulders,  in  which,  however,  the  hornblende 
crystals  are  often  slighdy  larger.  The  rock  of  the  boulders  on  the 
crest  of  the  opposite  (eastern)  ridge  corresponds  with  the  medium 
variety  (No.  IV. ). 

I  have  had  slides  prepared  for  microscopic  examination  from  each 
of  the  above-mentioned  varieties  of  the  little-Ejiott  rock. 

No.  I.  A  granular  rock,  composed  of  dark  hornblende  with  grains 
of  a  paler  green  mineral ;  the  former  about  *1  inch  in  diameter. 
The  following  minerals  are  visible  under  the  microscope: — (1)  horn- 
blende, mostly  in  irregularly  formed  crystals  interrupted  by  some- 
what rounded  enclosures.  Ck>lour  generally  a  rich  brown,  strongly 
dichroic.  Cleavage  well-marked.  This  passes  sometimes  rather 
abruptly,  as  described  on  a  former  occasion,  into  a  pale  green  rather 
fibrous  variety,  smaller  fiakes  of  which  are  scattered  about  the  slide. 
The  enclosures,  above  described,  are  mostly  occupied  by  secondary 
products,  in  some  cases  serpentinous,  but  occasionally  a  dystal  <^ 
felspar  is  included.  In  the  slide,  interorystallized  with  the  smaller 
and  mora  altered  hornblende,  is  a  fair  amount  of  felspar,  which  is 
a  good  deal  decomposed,  so  that  it  is  difficult  to  identify  the  species. 
It  is,  however,  one  of  the  plagiodastic  group.  There  is  a  small 
quantity  of  a  mineral,  mentioned  in  my  former  paper  *,  which  re- 
sembles an  altered  enstatite.  Granules  of  iron  peroxide,  some  epi- 
dote,  a  little  aparite  (?),  and  quartz,  probably  secondary,  with  oalcitey 
and  other  alteration-products  are  present. 

*  Quart  Joum.  GeoL  Soc.  vol.  max.  p.  269l 
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No.  n.  Slightily  more  compact  than  the  last  described,  with  a 
sharper  and  smoother  fracture.  Under  the  microscope,  the  hornblende 
is  seen  to  be  slightly  less  abundant,  rather  more  regular  in  external 
form  and  less  frequently  interrupted  by  enclosures.  These,  as 
well  as  some  patches  in  the  body  of  the  slide,  are  occupied  by  a  pale 
green  viridite  and  irregular  granules  of  a  colourless  mineral  which 
may  be  dolomite.  Felspar  like  that  in  the  former  slide,  but  rather 
more  abundant,  and  accessory  minerals  occur  as  before. 

No.  III.  (Haifa  yard  from  last  specimen.)  A  mottled  dark  green 
and  pale  pinkish  grey  rock,  looking  slightly  coarser  than  the  last. 
Under  the  microscope  the  diiOTerence  is  not  very  material,  except  that 
there  is  more  felspar,  this  now  being  the  dominant  mineral.  The 
felspar  is  a  little  better  preserved,  and  appears  to  be  mainly  plagio- 
dastic.  The  extinction-angles  are  rather  small,  as  if  it  were  one  of 
the  varieties  rich  in  silica.  There  is  also  a  fair  amount  of  quartz 
scattered  about  the  slide.  The  rock,  in  short,  is  an  ordinary  diorite 
of  fairly  characteristic  ophitic  structure. 

No.  lY.  Hornblende  crystals,  about  *3  in.  in  diameter,  abundant ; 
very  rough  fracture.  Except  for  the  greater  size  of  many  of  the ' 
hornblende  crystals  and  the  decided  predominance  of  that  mineral, 
the  description  of  No.  I.  will  apply.  The  bastite-like  mineral  occurs 
associated  with  a  granular,  colourless  mineral,  probably  of  secondary 
origin,  which  I  cannot  name. 

No.  V.  A  still  coarser  rock  than  the  last ;  hornblende  crystals 
sometimes  fully  *5  inch  across  and  more  conspicuously  interrupted. 
Making  allowance  for  this,  the  microscopic  structure  is  not  materially 
different  from  that  of  the  last-named  specimen.  The  sudden  transi- 
tion  in  the  same  crystal  from  the  very  dark  brown  to  the  almost 
colourless  and  rather  fibrous  hornblende  happens  to  be  particularly 
well  exhibited  (Plate  XYI.  fig.  2).  There  is  also  rather  more  calcito 
in  this  slide  than  in  the  others. 

The  isolated  outcrop,  mentioned  above  as  probably  connected  with 
the  main  mass  of  picrite,  is  a  greyish  rock  containing,  in  a  rather  com- 
pact base,  small  scattered  whitish  crystals.  Under  the  microscope, 
it  is  seen  to  be  holocrystalline,  consisting  mainly  of  very  decomposed 
felspar,  from  which  all  distinctive  characters  have  disappeared,  and  a 
much  altered  hornblende,  now  to  a  lai^e  extent  replaced  by  an  earthy- 
looking  material  almost  opaque  to  transmitted  Hght,  and  appearing 
of  a  pale  grey  colour  with  reflected  light,  something  like  leucoxene. 
There  are  some  scattered  granides  of  quartz,  grains  of  iron  peroxide, 
possibly  ilmenite,  some  calcite,  and  a  good  many  belonites  of  a  nearly 
colourless  mineral,  which  is  frequent  in  diabases,  and  I  think  is  some- 
times described  as  apatite. 

A  specimen  of  the  altered  Skiddaw  81ate,  taken  from  about  one 
foot  distant  from  a  junction  with  rock  like  No.  I.,  is  a  hard  compact 
brownish  grey  rock.  Under  the  microscope  it  is  seen  to  consist  of  very 
minute  and  ill-defined  granules  of  quartz,  associated  with  an  abun- 
dant, colourless,  fibrous,  micaceous  mineral,  and  with  earthy  granules. 
There  is  a  fair  amount  of  a  brownish  fibrous  mica ;  ferrite,  micaceous 
minerals,  &c.,  are  sometimes  aggregated  in  clustered  patches,  as 
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may  often  be  seen  in  yarioTis  "  spotted  schists."  Bpecks  of  a  kaolinized 
mineral  are  also  present. 

About  500  yai^  to  the  south,  another  but  smaller  dyke-like  mass 
of  dioritio  rock  cuts  the  ridge  of  Long  Side ;  beyond  it  is  one  yet 
smaller,  and  oval  in  shape,  and  iihen  come  three  narrow  dykes.  I 
visited  the  second  of  these;  it  is  an  ordinary  "greenstone" — 
probably  a  homblendic  diabase — ^rather  decomposed.  As  I  did  not 
observe  any  boulders  of  the  more  characteristic  picrite  scattered 
above  the  line  of  the  little-Knott  exposure,  I  deemed  it  needless  to 
hunt  out  the  remaining  outcrops.    , 

One  point  in  regard  to  the  boulders  from  Little  Knott  is,  I  think, 
worthy  of  notice  as  bearing  on  questions  other  than  petrographicaL 
The  bum  in  the  ravine  below  flows  over  a  boulder  deposit.  This 
appears  to  be  of  some  thickness  and  extends  down  the  glen  for  a  con- 
siderable distance  like  a  scattered  or  ^'  trailing "  terminal  moraine. 
I  followed  it  for  about  300  yards.  It  seemed  to  be  composed  almost 
wholly  of  picrite  boulders,  3,  4,  or  even  t5  feet  in  longest  diameter. 
If  then  the  whole  mass  corresponds  in  composition  with  the  part 
*  which  I  saw,  the  united  boulders  would  form  a  large  mass  of  picrite 
rock.  Besides  this  a  rather  high  wall,  enclosing  a  large  field  on  the 
spur  opposite  to  Little  Knott,  is  almost  wholly  made  up  of  fragments 
of  the  same  rock.  I  think  it  no  exaggeration  to  say  that  if  all 
these  erratics  were  replaced  on  the  area  mapped  as  occupied  by 
picrite,  they  would  form  a  conspicuous  ridge.  In  considering  the 
possibility  of  Little  Knott  being  the  source  of  the  Anglesey  bouUers, 
the  smaUness  of  the  exposure  had  always  seemed  to  me  a  great 
difficulty,  as  they  are  comparatively  common  in  that  island.  This 
difficulty,  however,  appears  of  mudi  less  account  when  we  view  the 
scattered  boulders  in  the  immediate  vicinity*. 

This  mode  of  occurrence  of  the  boulders  suggests  another  con- 
sideration.  The  mass  of  boulders  in  the  lower  part  of  the  glen  has 
every  appearance  of  a  morainic  deposit ;  but  tlie  highest  point  at 
which  picrite  is  exposed  cannot,  I  think,  be  more  than  250  feet 
above  the  bed  of  the  stream  t,  and  a  considerable  part  of  t^e  ridge 
must  have  been  uncovered  in  order  to  allow  of  so  great  an  accumu- 
lation of  fragments.  Hence  the  glacier  can  never  have  been  very 
thick,  say  not  more  than  100  feet  as  a  maximum,  when  it  distributed 
the  boulders.  As  they  commence  in  force  immediately  below  tJie 
line  of  outcrop,  it  must  during  the  latter  part  of  the  time  have  been 
very  much  thinner.  It  was  therefore  a  local  glacier  originating 
under  the  upper  cliffs  of  Skiddaw  and  occupying  the  above-mentioned 
glen.  It  follows  then  that  if  boulders  have  been  transported  from 
Little  Knott,  at  any  rate  to  the  Flintshire  coast  ^,  so  as  to  occur 
in  the  drift,  the  only  possible  explanation  is,  that  the  glader  ter- 
minated in  the  sea  and  the  boulders  were  conveyed  by  floating  ice. 

*  I  believe  there  is  the  same  apparent  diBproportion  between  the  oatcrop  of 
minette  on  Sale  Fell  and  the  boulders  distributed  thereupon. 

t  Little  Knott  itself  is  bntween  the  contour  lines  of  1000  feet  and  1260  feet, 
probably  about  1150  feet ;  the  dyke  in  the  bed  of  the  glen  is  on  the  900  feet  Iixml 

I  As  stated  by  Mr.  De  Banoe,  Quart  Joum.  Qeol.  Soa  voL  txxsjl  p.  260. 
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Further,  the  glacier  above  described  belongs  either  to  the  earlier 
period  of  greatest  glaciation  or  to  the  later  or  "  valley  glacier  "  period. 
If  to  the  former,  then  all  theories  of  vast  ice-sheets  melt  away ;  if 
to  the  latter,  we  must  suppose  either  that  the  interval  between  the 
two  periods  was  long  enougli  to  allow  of  the  accumulation  of  the 
needful  store  of  picrite  boulders  on  the  flanks  of  the  glen  for 
transportation  by  the  growing  glacier  of  the  later  period,  or  that  the 
erosive  power  of  glacier  ice  is  so  slight  that  the  shattered  ridges  of 
picrite  were  not  materially  diminished  even  in  the  period  of  ice- 
sheets,  and  that  these  preserved,  without  plundering,  the  stores 
accumulated  in  preceding  geologic^  periods. 

I  deem  it  needless  to  prove  that  these  boulders  have  been  trans- 
ported on  and  not  below  the  glacier,  because  the  latter  mode  of 
transport,  at  best  a  rather  hypothetical  one,  appeared  to  me 
irreconcilable  with  the  evidence  to  be  obtained  on  the  ground.  Hence 
I  regard  the  district  of  Little  Knott  as  bearing  testimony  adverse  to 
the  extreme  theories  of  '*  ice,  its  extent  and  work,"  of  which  during 
the  last  twenty  years  we  have  heard  so  much. 

Homblende-Pierites  of  Anglesey  and  Caei'narvonshire. 

In  the  matter  of  the  Anglesey  picrites,  I  have  obtained  some 
further  information.  In  1883  during  an  afternoon's  walk  in  the 
district  between  Ty  Croes  and  the  sea,  I  observed  whole  or  broken 
boulders,  not  less  than  Ave  in  number,  of  which  some  details  are 
given  in  the  report  of  the  Erratic  Blocks  Committee  of  the  British 
Association  * ;  but  I  felt  some  doubt  as  to  the  correctness  of  my 
identification  of  the  rock  in  the  supports  of  the  Cromlech  Barclodiad- 
y-gawras.  (It  will  be  remembered  that  here  only  the  weathered 
surfaces  of  the  stones  can  be  examined.)  But  I  have  received  firom 
Prof.  Hughes  a  supply  of  specimens  from  two  masses  of  very  similar 
rock  which  he  has  discovered  in  situ  in  Anglesey.  As  my  engagements 
during  the  last  eighteen  months  have  made  it  impossible  for  me  to 
visit  tiiat  island,  I  am  indebted  to  his  kindness  for  the  following 
information.  The  one  rock  occurs  at  Caemawr  near  Uanerchymedd, 
the  other  at  Pengorphwysfa,  IJ  mile  E.S.E,  of  Amlwch,  both 
localities  lying  much  in  the  same  line,  rather  to  the  N.  of  N.E.  of 
the  district  over  which  the  boulders  are  scattered. 

Prof.  Hughes  thus  writes : — "  With  regard  to  the  mode  of  occurrence 
of  the  Caemawr  dykes,  from  which,  I  think,  most  of  the  boulders  of 
Central  Anglesey  are  derived,  there  is  not  much  to  say.  They  are 
a  group  of  dykes  of  various  composition  and  texture,  occurring  in 
the  Arenig  series  a  little  below  the  zone  of  Didymograptus  Murchisoni, 
Their  trend,  as  seen  on  the  surface,  is  approximately  with  the  strike 
of  the  rocks,  but  I  have  not  ascertained  whether  or  not  they 
generally  coincide  with  the  bedding  for  any  distance.  There  are 
differences  of  texture  between  neighbouring  dykes,  and  still  greater 
differences,  sometimes,  between  adjoining  parts  of  the  same  dyke. 
The  very  light-coloured  more  coarsely  crystalline  specimen  (see 

*  Yolome  for  1883  (Southport),  p.  146. 
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below  h)  is  from  a  portion  of  one  of  the  most  southerly  dykes,  which, 
in  the  rest  of  the  mass,  is  of  the  usual  dark  green  blotched  colour  (a). 
There  is  no  sharp  line  between  the  two,  but  the  light  rock  shades 
rapidly  into  the  other  as  if  it  represented  a  difference  in  the 
material  'boiled  up/  a  defect  in  the  mixing,  a  local  accident 
affecting  the  cooling  and  crystallization  or  subsequent  superinduced 
alteration,  but  not  a  later-intruded  dyke.  The  Pengorphwysfa  boss 
is  a  similar  but  larger  mass,  and  shows  the  same  but  less  marked  and 
rapid  variations.  The  boulders  from  Caemawr  are  found  trailed  to 
the  south  for  miles.  I  was  not  looking  out  for  them,  but  my 
impression  is  that  they  came  to  hand  right  up  to  Pen-y-Camisiog 
and  beyond."— T.M'K.H. 

The  specimens  from  the  Pengorphwysfa  boss  vary  from  an  ordinary 
compact  "  greenstone "  to  a  moderately  coarse  rock  consisting  of 
hornblende  crystals  from  *2  to  *3  inch  wide,  and  a  greenish  grey 
mineral.  Under  the  microscope,  hornblende  is  seen  to  be  very 
abundant.  There  are,  as  above,  brown  crystals  passing  into  green 
and  containing  serpentinous  enclosures,  with  numerous  smaller 
crystals  and  fibrous  flakes  thickly  scattered  over  the  slide  and 
giving  brilliant  colours  with  polarized  light :  interspersed  with  the 
smaller  of  these  is  some  felspar  in  small  grains  of  irregular  form 
and  indefinite  character,  not  indicating  an  ophitio  structure,  and 
decidedly  less  abundant  than  in  the  Little-Enott  rock.  Certain 
of  the  serpentinous  grains  with  reticulate  minute  belonit^s  suggest 
the  former  presence  of  enstatite  rather  than  of  olivine  *.  There  are 
some  grains  of  iron  peroxide  ( ?  haematite),  and  perhaps  a  little 
apatite. 

A  second  slide,  cut  from  a  slightly  more  mottled  specimen, 
contains  a  rather  larger  quantity  of  a  decomposed  plagiodastic 
felspar. 

One  variety  (a)  of  the  rock  from  the  southern  dyke  at  Caemawr 
is  macroscopically  much  like  the  last  described,  but  on  microscopic 
examination  it  presents  this  difference,  that  very  little  felspar  can 
be  detected ;  there  is  a  fair  amount  of  a  pale  yellowish  serpentinous 
mineral,  or  rather  of  aggregated  groups  of  small  serpentinous  mine- 
rals,  which  have  most  probably  replaced  olivine,  or,  perhaps  in  one  or 
two  cases,  enstatite.  Another  peculiarity  is  that  there  are  a  fidr 
number  of  crystalline  grains  of  a  mineral  with  its  external  angles 
not  very  well  defined,  often  occurring  in  small  groups.  It  is  dear 
and  almost  colourless,  though  its  cleavage  and  other  cracks  are  often 
much  stained,  apparently  by  the  formation  of  a  brown  decomposition- 
product  (Plate  XVI.  ^.  1).     It  is  one  of  the  pale-coloured  augites  t. 

Another  specimen  (6)  from  this  dyke  exhibits  a  variation  as 
marked  as  any  described  in  the  Little-Enott  rock,  being  a  mottled 
dull  green  and  whitish  rock,  a  fairly  typical  specimen  of  the  hom- 
blendic  gabbros  frequent  in  North  Wales.  Under  the  microscope* 
felspar  is  seen  to  predominate,  the  crystals  varying  in  size,  so  that 
the  structure  might  be  called  porphyritic.     Most  of  it  is  plagiooLase, 

*  This  is  well  seen  in  a  slide  lent  to  me  by  Prof.  Hughes. 

t  A  slide  lent  to  me  by  Prof.  Hughes  oonfirms  the  aboTo  deacriptaoo. 
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probably  labradorite.  The  pyroxenic  oonstitaeiit  is  much  altered 
and  is  replaced  by  secondary  microlithic  products  mostly  of  a  hom- 
blendic  character.  Besides  the  usual  decomposed  granules  of  iron 
peroxide,  there  is  a  fair  amonnt  of  well-marked  apatite,  which  is 
wanting  in  the  other  slides.  No  one  would  imagine  that  these 
specimens  could  have  come  from  one  and  the  same  dyke. 

I  have  to  thank  Prof.  Hughes  also  for  allowing  me  to  re-examine 
specimens  collected  by  the  late  Prof.  Sedgwick  and  Mr.  Tawney, 
now  in  the  Woodwardian  Museum,  one  of  which  is  noticed  briefly 
in  my  first  paper  *.  It  is  now  evident  to  me  that  in  aU  probability 
the  true  picrite  collected  by  Prof.  Sedgwick  from  Penarfynydd  (Aber- 
daron)  forms  a  part  of  the  olivine-diabase  described  by  Mr.  Tawney. 
In  all  the  specimens  there  is  the  same  characteristic  of  fair-sized  horn- 
blende crystals  interrupted  by  serpentinous  enclosures,  so  that  we  may 
regard  tins  as  another  outcrop  of  a  similar  picrite.  This  also  appears 
to  exhibit  the  usual  variability  in  mineral  composition.  Another 
series  of  specimens  come  from  the  neighbourhood  of  Clynnog,  the 
the  most  characteristic  being  from  a  boulder  under  Gym  Goch ;  but 
a  similar  rock  occurs  in  situ  at  Pen-y-rhiwan  (Coll.  Tawney)  t. 
These  rocks  are  very  similar  to  the  picrites  which  I  have  been 
describing.  I  doubt  whether  there  has  been  so  much  felspar  as  the 
authors  of  the  earlier  description  supposed. 

The  variability  of  the  mineral  composition  of  the  rocks  described 
above  is  singular,  but  perhaps  does  not  indicate  quite  so  great  a 
diversity  of  chemical  composition  as  at  first  sight  would  appear. 
Looking  at  the  table  of  aniJyses  given  in  my  last  paper,  we  see  that 
not  seldom  1  per  cent,  of  soda  is  present  J.  If  this  were  employed 
in  the  composition  of  a  felspar  like  labradorite  3103=52-9, 
Mfi^^SO'Sy  CaO=12-3,  Na,0=4-5,  the  following  constituents 
would  be  required  to  make  up  the  felspar : — 

SiO,=ll-7 
A1,0,=  6-7 

CaO=  2-7 
Na,0=  1-0 

221 

or  more  than  one  fifth  of  the  whole  would  be  felspar.  Besides  soda 
there  is  often  a  little  potash.  Now  as  the  amount  of  felspar  in 
all  of  these  picrites  which  I  have  examined  is  nothing  like  one  fifth 
of  the  whole  mass,  it  follows  that  not  only  the  potash  must  enter 
into  the  composition  of  other  minerals  (e.  g,  a  mica,  often  present) 
but  also  that  some  of  the  soda  must  be  so  employed.  Further  if  all 
the  soda  in  the  specimen  analyzed  by  Mr.  Phillips  went  to  form  felspar, 
only  about  6  parts  of  alumina  would  be  required ;  yet  the  rock  contains 

•  Quart  Joum.  G^eoL  8oc.  toI.  xxxrii.  p.  139 :  for  full  description  see  Geol. 
Mag.  Deo.  2,  toI.  vii.  p.  208. 

t  For  description  see  GeoL  Mag.  Dec.  2,  toI.  vii.  p.  467. 

t  In  the  An^esey  specimen  analyzed  1^  Mr.  J.  A  Phillips  there  is  (mean), 
NaaO=-915,  Kfi=zm.    Total  of  alkalies- 1-01 
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about  10*9.  Thus  there  is  4-5  at  least  to  spare,  more  than  is 
wanted  for  a  mica.  Hence  in  the  one  case  we  may  have,  for 
instance,  a  rock  composed  of  more  than  one  variety  of  hornblende 
(pargasite,  arfvedsonite  &c.),  a  potash-iron  mica,  oliyine  or  enstatite, 
and  a  little  felspar ;  in  the  other  case,  if  non-aluminous  and  non- 
alkaline  hornblende  were  formed,  we  might  have  more  than  half  of 
the  rock  composed  of  felspar  ♦.  Thus  although  there  is  probably' 
some  variation  of  chemical  composition,  the  great  difference  in  the 
component  minerals  may  be  quite  as  much  due  in  some  cases  to  a 
difference  of  circumstances. 

I  have  carefully  revised  all  my  collection  of  slides  in  the  hope  of 
discovering  characteristics  which  might  help  in  the  identification  of 
the  boulders,  but,  as  might  be  expected  in  the  case  of  rocks  which 
exhibit  so  much  variability  (due  no  doubt  in  part  to  their  coarsenessX 
I  have  not  met  with  much  success. 

I  do  not  find  any  distinct  traces  of  enstatite  in  sHdee  cut  from 
boulders  from  Pen-y-Camisiog,  Peny-y-cnwc,  the  gate-post,  or  the 
road-side  near  Ty  Groes,  but  in  each,  a  colourless  augite  is  more  or 
less  distinct.  This  mineral  is  not  present  in  the  boulder  on  the 
shore  at  Porthnobla,  but  it  contains  a  mineral  like  enstatite.  The 
Pengorphwysfa  rock  exhibits  the  augite  and  some  enstatite ;  that 
from  Caemawr,  augite  and  perhaps  enstatite.  In  the  Little-Enott 
slides  I  find  enstatite,  but  have  not  certainly  identified  augite  ;  here, 
however,  it  is  genendly  not  difficult  to  detect  some  felspar.  This 
accords  with  the  result  of  the  partial  analyses  quoted  in  my  last 
paper,  so  that  it  is  a  less  typical  picrite  than  the  rook  of  the  Wdsh 
boulders.  Thus  the  lithological  evidence  rather  fcivouiB  the  deriva- 
tion of  the  Anglesey  boulders  from  dykes  in  that  island,  and  this 
appears  from  the  evidence  supplied  by  Prof.  Hughes  to  be  most 
probably  correct. 

The  specimens  sent  to  me  from  Caemawr  and  Pengorphwysfa  are, 
indeed,  not  so  coarsely  crystalline  as  some  of  the  boiUders.  This 
predominance  of  coarse  varieties  in  the  boulders  (true  also  of  the 
Little-Knott  rock)  may  be  an  instance  of  a  survival  of  the  fittest;  for 
I  noticed  at  Schriesheim  (and  I  have  seen  it  elsewhere  in  doleritic 
rocks)  that  the  most  coarsely  crystalline  parts  had  a  nodular  habit, 
and  were  often  well  preserved,  when  the  more  fine-grained  parts 
immediately  around  them  were  decomposed  t. 

Borfihlende'PicriU  Boulder  near  Si.  Davids. 

Not  long  after  the  reading  of  my  last  paper  Br.  H.  Hicks  informed 
me  that  he  had  recently  discovered  a  boulder  of  hornUende-picrite  in 

*  If  tlte  alkaline  percentage  were  2*5  (and  the  joint  amoont  is  often  oaifes 
that),  then,  assuming  a  felspar  of  the  composition  of  labndorite,  55*5  of  the 
rook  would  be  felsnar. 

t  But  the  Henslow  collection  contains  specimens,  labelled  "  N.  of  LUnerchy- 
medd,"  as  coarse  as  any  boulder  which  I  hare  found.  Whether  these  come 
from  rock  tfi  situ  or  not,  they  bring  this  rarie^  very  dose  to  Oaemawr.  Mr. 
Barker  also  has  sent  me  specimens  of  boulders  from  near  lianarohymedd  quite 
typical  of  those  which  occur  in  the  district  south-west  of  Ty  Oroea. 
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the  neighbourhood  of  St.  Davids,  and  to  him  I  am  indebted  for  speci- 
mens and  for  the  following  note  as  to  the  locality.  He  says  : — '*  The 
boulder  is  somewhat  rounded  ;  its  longer  axis,  which  lies  nearly  S.E. 
and  N.W.,  measures  about  a  yard.  A  transrerse  section  is  slightly 
triangular,  the  shorter  sides  measuring  respectively  about  16  in.  and 
22  in.  It  lies  on  the  promontory  forming  the  east  side  of  Forthlisk}' 
harbour  *,  resting  immediately  on  Dimetian  rock,  surrounded  by  an 
uncultivated  area  overgrown  by  gorse  and  heather.  The  strisB 
along  this  coast  usually  point  from  N.W.  to  S.E. ;  but  it  is  dear  that 
very  many  of  the  boiQders  scattered  over  it  must  have  come  from 
the  high  land  in  the  N.E.  of  Pembrokeshire,  the  Precelly  range. 
There  is  ample  evidence  of  local  till,  and  in  places  (at  considerable 
elevations)  of  marine  sand  with  transported  boulders,  fragments  of 
flint  being  common  among  them.  I  feincy  this  points  to  the  deriva- 
tion of  some  of  the  materials,  including  possibly  certain  boulders, 
from  a  N.W.  source." 

The  surface  of  the  boulder  (which  is  overgrown  with  lichens)  is 
rough  and  lumpy.  A  brown  staining  extends  inward  for  less  than 
'1  in.  The  rest  of  the  rock  is  in  good  preservation  and  is  wonder- 
folly  like  that  of  the  Pen-y-Camisiog  boulder,  looking  perhaps  even 
fr^her  and  thus  closer  to  the  Schriesheim  rock.  The  larger  crystals 
of  hornblende  are  sometimes  quite  |  inch  in  diameter.  As  in 
the  other  cases  the  general  colour  is  a  dull  somewhat  mottled  green, 
with  a  few  whitish  specks  f.  The  hornblende  crystals  on  a  smooth- 
cut  surface  have  a  slightly  metallic  and  silvery  lustre.  My  previous 
papers  render  a  minute  description  of  the  microscopic  structure 
unnecessary,  so,  referring  genendly  to  them  and  especially  to  the 
account  of  the  Fen-y-CamiBiog  specimen,  I  will  only  call  attention 
to  one  or  two  points  of  diflerence.  There  are  a  few  grains  of  olivine 
fairly  well  preserved  (Plate  XVI.  fig.  4).  The  larger  hornblende  crys- 
tals, in  addition  to  the  serpentinous  enclosures,  which  in  all  proba- 
bility have  replaced  olivine,  contain  a  fair  number  of  crystalline  grains 
of  a  colourless  augite.  This  mineral  also  occurs  in  considerable 
quantities  in  the  slide,  frequently  with  a  tendency  to  grouping. 
There  the  crystals  are  sometimes  set  in  a  serpentinous  ground-mass, 
and  sometimes  associated  with  a  pale-coloured  hornblende,  and 
occasionally  with  grains  of  another  variety  of  a  serpentinous  mineral 
which  appears  to  be  subsequent  in  consolidation.  This  augite  has 
been  already  noticed  in  my  former  papers ;  but  in  the  cases  there 
described  it  was  often  not  very  definite  in  form  or  cleavage,  and  had 
a  dusty  look  as  if  partially  decomposed.  Instances  of  the  latter 
variety  occur  in  these  slides  also ;  but  the  majority  of  the  crystals 
are  beautifully  dear,  and  are  weU  defined,  showing  characteristic 
transverse  and  longitudinal  sections  and  cleavage,  and  giving  such 
dear  brilliant  colours  with  crossing  nicols  that  at  the  first  glance 
one  might  take  them  to  be  olivine.  They  appear  to  have  a  slightly 
granular,  fibrous  or  silky  structure  (Plate  XVI.  fig.  6).    They  must, 

*  Immediately  south-west  of  the  letter  S  in  the  Surrey  map. 
t  These  appear  to  me  to  be  too  soft  for  felspar ;  probably  tbey  are  a  staatitio 
mineral,  like  that  whidi  mottles  certain  serpentines. 


Digitized  by  LjOOQ IC 


520  PBOF.  T.  G.  BONNET  ON  THE  SO-OAXLEO  DIOBITB 

I  think,  be  anterior  in  consolidation  to  the  brown  hombleDde,  as  Uieir 
crystals  do  not  indicate  definite  orientation  or  any  relation  with  it. 
The  brown  hornblende  exhibits  the  usual  transition  to  a  pale  green  or 
even  colourless  variety  with  a  slight  alteration  in  the  extinction-angle. 
The  serpen tinous  mineral  in  which  some  of  these  white  augite  crystals 
are  imbedded  is  very  faintly  tinged  with  yellowish  green  and  has 
but  a  slight  influence  on  polarized  light,  resembling  a  steatitic 
mineral.  In  other  parts  of  the  slide  the  colour  b  a  little  stronger, 
and  the  mineral  gives  brighter  tints  between  crossed  niools,  showing 
the  aggregate  fibrous  structure  often  seen  in  serpentines.  The 
serpentinous  grains  mentioned  above  as  also  interspersed  in  this 
ground-mass,  are  rather  irregular  in  form,  though  showing  some 
tendency  to  rectilinear  boundaries  ;  many  of  them  exhibit  one  well- 
marked  cleavage.  They  are  rather  a  stronger  yellowish  olive-greeu 
in  colour,  frequently  crowded  with  dusty-looking  granides  containing 
occasional  specks  of  opacite  and  numerous  minute  belonites  *.  With 
polarized  light  they  exhibit  a  minutely  fibrous,  aggr^ate  structure 
with  fairly  bright  colours  (Plate  XVI.  figs.  3,  4).  I  believe  ttie 
mineral  to  be  an  altered  enstatite.  I  have  also  noted  one  or  two 
flakes  of  brown  mica,  more  or  less  altered. 

In  conclusion  I  wiU  venture  a  few  remarks  on  the  parageneeis  of 
the  minerals  in  this  interesting  group  of  rocks,  including  therewith 
the  Schriesheim  rock  and  a  picrite  from  Gippsland  (Australia).  The 
latter  has  been  described  by  me  in  the  '  Miueralogical  Magazine,' 
vol.  vi.  p.  54,  and  is  microscopically  closely  allied  to  them  except 
that  the  hornblende  is  green  instead  of  brown  ;  in  this  also 
unaltered  olivine  still  remains.  I  fear,  however,  that  they  will 
state  difficulties  rather  than  solve  them.  We  find  olivine  (or 
serpentinous  pseudomorphs  of  it)  included  in  brown  and  green 
hornblende  and  in  brown  mica,  also  in  light-brown  augite  (if  we 
include  the  Inchcolm  picrite  and  that  from  Hain).  Olivine  also  is 
included  in  enstatite  in  certain  serpentines.  In  other  serpentines 
we  have  enstatite  separately  crystallized ;  and  in  some  of  the  above 
picrites  serpentinous  products  which  suggest  the  former  presence  of 
enstatite  rather  than  of  olivine  occur  in  a  similar  manner. 

Now  as  regards  the  augite,  there  is,  it  appears  to  me,  some  reason 
to  believe  that  we  can  have  the  following  sucoession  of  alterations  in 
the  above  group  of  rocks — light-brown  augite,  sometimes  practically 
dear  in  thin  sections ;  clove-brown  hornblende  t ;  green  hornblende ; 
colourless,  rather  fibrous  hornblende.  In  these  changes  the  augite 
undergoes  what  I  may  call  for  distinction  the  **uralitic  change," 
because  there  is  apparently  no  alteration  in  the  outward  form  of  the 
crystal.  Another  line  of  change  appears  to  be  the  formation  of 
distinct  crystals  of  green  hornblende  or  of  abundant  mioroliths  of 
actinolite.     This  we  may  term  '*  actinolitio  change."    In  some  rocks 

*  Like  those  described  by  me  in  the  Forthnobla  spedmen,  Quart  Joarn. 
Geol.  Soc.  vol.  zxdx.  p.  255. 

t  If  not  there  are  very  singular  cases  of  intergrowth  of  the  pale  augita  and 
the  brown  hornblende. 
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the  angite  appears  to  assume  the  form  of  diallage  *  before  either 
uralitic  or  actinolitic  change.  What  then  is  the  history  of  the 
perfectly  dear,  rather  silky,  well-defined  augite  ciystals  described 
above  as  included  in  brown  and  green  hornblende  and  perhaps  also  in 
enstatite  ?  Are  they  parts  of  the  original  light  augite  left  unchanged  ? 
or  are  they  secondary  products  ?  or  are  they  original  enclosures  ? 
Their  definite  crystalline  form,  whether  within  or  without  the  horn- 
blende, their  sharp  demarcation  from  the  strong-coloured  hornblende, 
are  unfavourable  to  the  first  or  second  supposition  and  favourable  to 
the  third  (Plate  XVI,  figs.  4,  5,  6).  But  still  their  perfect  preser- 
vation in  rocks  where  the  other  constituents  appear  more  or  less 
altered  is  strange.  Also  what  variety  of  augite  are  they  ?  Their 
general  appearance  suggests  an  augite  allied  to  diopside,  which, 
indeed,  appears  to  be  a  rather  stable  mineral.  At  present  I  must 
content  myself  with  stating  the  facts  and  the  inferences  to  which 
they  appear  to  lead,  and  must  leave  it  to  farther  work  or  other 
workers  to  resolve  the  difficulty. 

It  results,  however,  that  a  group  of  rocks,  characterized  by  the 
predominance  of  magnesian  bisiUcates  andunisilicates,  by  the  frequent 
enclosure  of  olivine,  perhaps  also  of  a  magnesian  bisilicate,  in  the 
larger  augite  or  hornblende  crystals,  and  by  the  infrequency  of 
felspar,  of  which  we  may  take  the  Schriesheim,  Gippsland,  and 
luchcolm  picrites  as  characteristic  types,  besides  that  of  Hain — rocks 
which,  on  the  whole,  exhibit  a  tendency  to  graduate  into  normal 
olivine-diabase  rather  than  into  true  peridotites,  though  occasionally 
they  come  very  near  to  the  latter — occur  not  only  in  boulders,  but 
also  in  situ  at  Little  Knott,  and  at  two  localities  both  in  Anglesey  and 
in  the  lieyn  peninsula.  Even  if  no  others  be  found,  which  is  very 
likely,  at  any  rate  in  South-west  Wales  (the  more  probable  home  of 
the  St.  Davids  boulder),  this  is  a  fair  list  of  localities  for  a  rock  the 
occurrence  of  which  in  England  and  Wales  was  only  chronicled 
in  1881. 

EXPLANATION  OF  PLATE  XVL 

Fig.  1.  Gboap  of  crystalline  grainfs  external  form  not  generally  perfect,  of  a 
pale-ooloured  augite,  associated  with  a  dark  staining.  (S.  Dyke, 
Caemawr,  page  516.) 

2.  Part  of  a  slide  of  the  Little-Knott  rock,  illustrating  the  rapid  change 

(with  crystaUine  continuity)  from  a  dark  brown  hornblende  to  an 
almost  colourless  greenish  slightly  fibrous  variety.  (Slide  No.  Y., 
page  613.) 

3.  Grain  of  a  serpentinous  mineral  (a)  showing  one  well-marked  cleavage, 

and  probably  an  altered  enstatite,  with  brown  hornblende  (6),  au- 
gites  &c.  in  a  serpentinous  ground-mass  (c).  (Boulder,  Porthlisky, 
page  519.) 

4.  Grains  of  somewhat  blackened  oliyine  (a)  associated  with  grains  of  a 

yellowish  serpentinous  mineral  (b)  and  colourless  augite  (c)  in  a 
ffround-mass  of  similar  minerals,  hornblende,  a  little  decomposed 
felspar,  &c.     (Boulder,  Porthlisky,  page  519.) 

5.  Grains  of  two  varieties  of  augite  (a,  o)  enclosed  in  a  crystal  of  brown 

hornblende.    (Boulder,  Porthlisky,  page  519.) 

6.  Crystals  of  colourless  augite  in  a  pale  greemsh  serpentinous  ground-mass. 

(Boulder,  Porthlisky,  page  519.) 

*  I  have  seen  this  also  exhibit  **  schillerization." 
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DiSOUBBION. 

Dr.  Evans  remarked  on  the  interest  attaching  to  the  determi- 
nation of  the  locality  and  of  the  distribution  of  the  specimens. 

Dr.  A.  Geikie  pointed  out  the  remarkable  changes  in  texture  and 
composition  in  the  rocks  of  this  class  within  short  distances.  This 
is  illustrated  by  the  Inchcolm  and  Bathgate  rocks  and  by  certain 
intrusive  rocks  in  the  north  of  Ireland. 

Mr.  Teall  pointed  out  that  the  term  picrite,  first  used  by 
Tschermak,  had  been  applied  by  later  writers  to  rocks  differing 
somewhat  from  the  original  type ;  and  also  that  Cohen,  who  applied 
the  term  to  the  Schriesheim  rock,  under  the  mistaken  idea  tiiat  the 
dominant  bisilicate  was  diallage,  now  wished  to  withdraw  this  name 
from  the  rock  altogether. 

Prof.  Seelet  stated  that  the  specimens  of  the  Henslow  collection 
are  all  recorded,  with  full  particulars  concerning  them,  in  catalogues 
which  are  preserved  in  the  Woodwardian  Museum. 

Mr.  EuTLET  thought  that  possibly  picrite  was  an  altered  oondition 
of  basalt.  He  regarded  the  statements  made  by  the  late  Mr.  difton 
Ward  as  very  justifiable. 

Mr.  HuDLESTON  was  glad  to  learn  that  the  rock  which  yielded  the 
boulders  of  homblende-picrite,  first  noticed  by  the  President,  had 
at  length  been  discovered  in  Anglesey,  so  that  North  Wales  was 
independent  of  the  Lake  District  for  its  supply.  He  asked  for  farther 
information  concerning  the  mode  of  its  occurrence  in  sUu. 

Prof.  JjTDD  defended  the  use  of  the  term  picrite,  and  thought  tiiat 
the  Author,  in  giving  the  name  of  homblende-picrite  to  the  rook  he 
had  been  the  first  to  define,  was  exercising  a  wise  discretion. 

Mr.  Batjsbkan  thought  that  picrite,  or  names  very  similar  to  it, 
had  been  formerly  applied  to  minerals.  He  did  not  think  it  wise  to 
give  similar  names  to  minerals  and  rocks. 

Mr.  Habksr  said  that  the  two  localities  where  the  rock  occurred  in 
Anglesey  are  both  large  dykes  intrusive  in  Arenig  rocks.  In  the  lieyn 
peninsula  are  large  intrusive  bosses.  In  all  cases  the  rocks  vary  in 
texture  and  composition  within  very  short  distances.  The  Henslow 
catalogue  does  not  state  whether  the  rocks  were  collected  in  situ  or 
from  boulders. 

Dr.  HioxB  thought  the  boulder  at  St.  Davids  must  have  been 
transported  from  a  distance,  though  it  is  possible  that  the  rock 
would  be  found  in  situ  in  North-east  Pembrokeshire. 

Prof.  Bonnet  said  the  name  *'  picrite  "  was  a  well-recognised  name 
for  a  rock,  and  he  had  employed  it  as  such.  It  was  absurd  to  sug- 
gest that  such  a  rock  might  be  derived  by  decomposition  from  basalt, 
as  it  differed  much  both  chemically  and  mineralogicaUy.  The  rode 
was  not,  in  any  proper  sense  of  the  term,  a  decomposition-prodnct  at 
all,  but  rather  a  recomposition  of  another  rock.  Nothing  he  had  said 
in  his  paper  could  possibly  be  represented  as  refiecting  on  the  late 
Mr.  Clifton  Ward,  who  had  recognized  the  abnormal  nature  of  the 
rock,  and  had  done  such  excellent  work  in  his  day. 
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38.  SuppLEMEirrABT  Notes  on  the  Beep  Boeiivg  <U  Eiohmons,  Subuet. 
By  Prof.  John  W,  Judd,  r.R.8.,  Sec.  G.8.,  and  Collbtt  Homeb- 
BHAif,  Esq.,  F.G.S.     (Kead  June  24, 1885.) 

At  the  time  when  our  former  communication  to  the  Society  was 
published  (November  1884*),  we  were  able  to  report  that  this  very 
interesting  well  had,  on  the  15th  of  October,  reached  a  depth  of 
1409  feet.  We  now  propose  to  chronicle  the  subsequent  progress 
and  termination  of  the  undertaking,  adding  some  new  observations 
which  have  an  important  bearing  upon  the  subjects  discussed  in  that 
paper. 

Subsequently  to  the  date  mentioned,  many  very  serious  difficulties 
were  unfortunately  encountered  in  carrying  on  the  work ;  but,  in 
spite  of  these  disappointments,  the  Eichmond  Yestry,  acting  under 
the  advice  of  their  engineer,  Mr.  S.  C.  Homersham,  determined  to 
persevere  in  their  efforts  so  long  as  they  felt  justified  in  incurring 
the  necessarily  large  outlay.  After  many  vexatious  accidents  and 
consequent  delays  the  work  had,  by  the  end  of  the  year  1884, 
reached  the  depth  of  1442  feet.  At  this  point  the  Richmond 
Yestry,  to  whose  spirit  of  enterprise  geologists  are  so  greatly  in- 
debted for  the  important  evidence  afforded  by  this  undertaking, 
decided  that  they  could  no  longer  incur  the  responsibility  of  further 
expenditure,  and  gave  orders  to  stop  the  work. 

The  work  did  not  come  to  an  end  immediately,  however ;  for  the 
contractors,  Messrs.  T.  Docwra  and  Son,  with  great  public  spirit, 
offered  to  attempt  to  make  further  progress  with  the  important 
undertaking  at  their  own  expense  and  risk.  All  their  efforts,  how- 
ever, succeeded  only  in  deepening  the  well  to  the  extent  of  5  feet, 
and  the  boring  was  finaUy  abandoned  when  it  had  reached  the 
depth  of  1447  feet.  The  well  at  the  bottom  has  a  diameter  of 
nearly  8  inches,  and  the  lowest  cores  brought  up  have  a  diameter 
of  4f  inches.     The  well  is  lined  to  within  80  feet  of  the  bottom. 

Unfortunately,  no  increased  supply  of  water  was  obtained  by  the 
deepening  of  the  well  from  1409  to  1447  feet. 

It  vrill  thus  be  seen  that  the  Richmond  well  is  actually  deeper 
than  any  other  well  in  the  London  basin  by  145  feet ;  but  if  we 
reckon  from  the  absolute  level  of  the  Ordnance  datum  line,  it  will 
be  found  to  have  reached  a  point  312  feet  lower  than  that  attained 
by  any  previous  undertaking  of  the  kind. 

Although  it  was  found  impracticable  to  plug  the  bore-hole  at  the 
extreme  depth  reached,  for  iiie  purpose  of  temperature-observations, 
a  thermometer  supplied  by  the  British-Association  Committee  on 
Underground  Temperatures  was  let  down  to  the  bottom  and  kept 
there  for  six  days.  Boring  operations  had  ceased  eleven  days  pre- 
viously, and  the  temperature  registered  in  this  observation  was 
76f  °  F.     The  temperature  of  the  air  during  the  time  the  thermo- 

*  Quart.  Joum.  Qeol.  Soc  toL  zl.  (1884)  p.  724. 


Digitized  by  LjOOQ IC 


524  FBOF.  J.  W.  JXTSD  AHD  C.  HOMEBSHiiX 

meter  was  kept  down  varied  from  45°  to  57°  F.,  and  that  of  the 
water  overflowing  at  the  surface  was  59°  F. 

Comparing  the  result  thus  obtained  with  that  arrived  at  by  the 
observations  previously  recorded  at  the  depth  of  1337  feet,  we  find 
that  the  increase  in  temperature  for  the  last  110  feet  is  only  1|°  F., 
or  at  the  rate  of  1°  F.  for  88  feet.  With  an  assumed  suifaoe- 
temperature  of  50°  F.,  the  average  increase  for  the  whole  depth  of 
the  well  would  amount  to  V  F.  for  54-09  feet  of  descent,  the  result 
previously  obtained  being  1°  F.  for  52*43  feet  of  descent. 

The  additional  38  feet  of  strata  sunk  through  all  evidently  belong 
to  the  same  series  of  beds,  variegated  sandstones  and  marls,  which 
had  been  penetrated  previoualy  to  the  depth  of  170  feet.  The  de- 
tails of  the  strata  passed  through  in  the  last  38  feet  were  as  follows : — 
The  beds  (18)*  "'  soft  red  and  white  sandstones,  finely  laminated  in 
places,"  had  a  total  depth  of  about  32  feet ;  then  succeeded — 

ft  in. 

19.  Mottled  sandstones,  beoonun^  intensely  hard  at  their  base 4    0 

20.  Softer  mottled  sandstone  with  "clay-galls "  6    0 

21.  Finely-laminated  soft  mottled  sandstones  13    0 

22.  Very  hard  red  sandstones,  the  joint-planes  coated  with  green 

incrustations  1  3 

23.  Softfijreenshaly  rock 0  9 

24.  Hard  red  sandstone,  like  22 1  3 

25.  Dark-red  sandstone,  softer    1  9 

26.  Very  flne-ffrained  red  sandstone  1  0 

27.  Very  hard  red  sandstone,  which  had  to  be  ground  away,  and 

could  not  be  brought  to  surface  in  cores 4    0 

28.  Hard  white  fine-eroined  sandstone,  with  no  lamination,  but 

eodiibiting  a  rude  dip    4    0 

Total  thickness  of  variegated  strata  underlying  the  Great  Oolite  ...  206    0 

The  following  apparent  dips  were  measured  in  the  cores  brought 
up  in  the  last  38  feet : — 

Dip. 

At  1411  feet  from  the  surfeoe 27° 

„  1412       „  „  280 

.,  1420     „        se** 

„  1421  „  , 28° 

»  1431  „  „  27° 

,.1433  „  „  28° 

„  1437  „  „  32° 

„  1438  „  „  32o 

„  1443  „  „  33° 

With  regard  to  the  question  of  the  geological  age  of  these  strata 
we  have,  unfortunately,  but  little  fresh  CTidence  to  oOPer. 

The  new  facts  derived  from  the  examination  of  the  dips  exhibited 
by  the  cores  are  almost  condusively  in  favour  of  these  nxsks  hanng 
a  true  dip  of  about  30°,  complicated  by  much  false-bedding.  This 
is  indicated  by  the  circumstance  that  the  finely-laminated  strata 
exhibit  the  most  variable  apparent  dips,  while  those  beds  with  very 
imperfect  stratification,  which  probably  show  true  dip,  nearly  always 
*  Loe.  eU.  p.  760. 
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give  angles  of  about  30°.    This  is  the  case  with  the  lowest  cores 
brought  up  in  this  boring. 

By  some  this  high  dip,  and  the  necessary  inference  of  uncon- 
formable relation  between  these  variegated  strata  and  the  overlying 
Jurassic  and  Cretaceous  rocks,  may  be  regarded  as  telling  in  favour 
of  their  pre-Carboniferous  age.  But  it  is  by  no  means  impossible 
that  Poiidlitic  strata  in  this  area  were  disturbed  and  denuded  before 
the  period  of  the  deposition  of  the  Great  Oolite.  The  lowest  beds 
exposed  in  the  boring  are  certainly  much  more  like  those  of  the 
New  Red  than  of  the  Old  Red.  It  must  be  remembered,  too,  that  in 
Northamptonshire  somewhat  similar  variegated  strata  have  actually 
been  found  intercalated  with  the  Carboniferous  series.  It  cannot 
fail,  however,  to  be  a  constant  subject  of  regret  to  geologists  that 
no  more  precise  evidence  concerning  the  age  of  these  strata  was 
obtained. 

With  respect  to  some  other  strata  passed  through  in  this  well, 
interesting  additional  evidence  has  been  obtained  since  the  reading 
of  the  paper. 

At  the  depth  of  704  feet  in  this  well  we  indicated  the  existence 
of  a  curious  conglomerated  chalk,  covered  by  15  feet  of  hard  chalk. 
The  former  was  referred  to  the  Zone  of  Belemnites  pUnua  in  its 
remanii  condition  ;  and  the  latter,  it  was  suggested,  might  not  im- 
probably be  referred  to  the  "  Melboum  Rock  '*  of  Mr.  A.  J,  Jukes- 
Browne.  Since  the  reading  of  the  paper,  we  have  been  indebted  to 
Mr.  William  Hill,  Jun.,  F.G.8.,  of  Hitchin,  for  a  number  of  facts  and 
specimens  which  prove  conclusively  the  identity  of  the  Melboum 
Rock  with  that  which  occurs  at  this  horizon  under  Richmond. 

Mr.  Hill,  who  had  long  studied  the  microscopic  characters  of  the 
different  beds  of  the  Chalk  series,  and  had  traced  the  different  zones 
through  a  large  part  of  the  Midland  area,  on  reading  our  account  of 
the  conglomerated  chalk  of  Richmond,  at  once  sought  for  it  along 
the  line  of  outcrop  of  the  Melboum  Rock.  The  specimens  he  has 
kindly  submitted  to  us  prove  that  a  precisely  similar  bed  everywhere 
forms  the  base  of  the  Melboum  Rock  of  the  Midlands,  and  that  there 
is  the  strongest  resemblance  in  microscopic  characters  between  that 
rock  and  its  conglomerated  base  in  the  district  he  has  studied  and 
in  the  London  basin.  The  recognition  of  this  important  horizon 
cannot  fail  to  greatly  facilitate  the  separation  of  different  zones  in 
the  Chalk  in  this  country. 

With  the  aid  of  Dr.  Hinde,  F.G.S.,  and  Prof.  T.  Rupert  Jones, 
F.R.8.,  we  have  further  investigated  the  interesting  specimens  of 
chalk-marl  obtained  from  the  Richmond  well.  On  dissolving  the 
chalk-marl  in  dilute  acid,  a  residue,  amounting  in  some  cases  to  no 
less  than  50  per  cent  of  the  whole,  is  left  behind.  By  washing  this 
residue  many  beautiful  specimens  of  fossils  have  been  obtained. 
Portions  of  the  spicular  mesh  of  hexactinellid  sponges  are  common, 
and  in  some  cases  Dr.  Hinde  has  been  able  to  determine  the  genera 
and  species.  Very  abundant,  indeed,  in  some  cases  are  silidfied 
prisms  of  the  shell  of  Tnoceramtis ;  these  sometimes,  indeed,  make 
up  a  large  part  of  the  mass  of  insoluble  residue  of  the  chalk-marL 
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With  them  occur  a  number  of  partially  silicified  Eoraminif era.  The 
forms  usually  obtained  by  the  treatment  of  the  chalk-marl  with  acid 
are  arenaceous  types  like  BuUnUna  (AtcLxophragmium)^  Textularia 
(PUcanium),  and  VemeuiUna.  In  these  a  more  or  less  perfect 
cohesion  of  the  sand  grains  composing  the  shells  has  been  brought 
about  by  the  deposition  of  siliceous  material  between  them. 

But  it  is  with  respect  to  the  Jurassic  deposits,  the  existence  of 
which  under  the  London  basin  was  previously  unknown,  that  the 
evidence  afforded  by  the  Eiohmond  boring  is  of  such  great  value 
and  interest. 

Since  the  reading  of  our  paper,  in  which  we  endeavoured  to  define 
the  position  and  rdations  of  the  Upper,  Middle,  and  Lower  Oolites 
respectively  in  the  South-east  of  England,  a  new  and  most  valuable 
piece  of  evidence  has  been  obtained,  which  confirms  in  a  very 
striking  manner  the  conclusions  at  which  we  then  arrived. 

During  the  progress  of  the  Dockyard  Extension  works  at  Chatham, 
H.M.  Government  have  had  occasion  to  sink  two  deep  wells,  one  of 
which  has  penetrated  the  whole  of  the  Cretaceous  strata  and  reached 
the  underlying  rocks.  The  results  have  been  communicated  to 
Messrs.  Whitaker  and  Topley  for  the  use  of  the  Geological  Survey, 
and  we  have  the  courteous  permission  of  the  Director-General  to 
publish  the  interesting  details  with  which  the  officers  of  the  Survey 
have  famished  us. 

The  deepest  well  at  Chatham  attained  a  depth  of  965  feet,  and 
the  strata  passed  through  were  as  follows* : — 

Surface  16  feet  above  Ordnanoe  datum. 

Depth  from 

Thiokness.  sur&ee. 

ft.  ft 

Allurium,  gravel,  and  Thanet-eand 27 

Chalk 682  709 

Gault 193  902 

Lower  Greensand  (sandy  beds)   41  943 

Dark-blue  clay  (Orfordian) 22  965 

The  first  point  which  strikes  us  in  this  very  interesting  section  is 
the  remarkable  way  in  which  the  Lower  Greensand  has  thinned  out 
in  a  distance  of  7  miles  from  Maidstone  (at  which  place  it  has  a 
thickness  of  225  feet,  and  includes  the  thick  calcareous  masses  of 
the  Kentish  Bag)  to  a  comparatively  insignificant  and  purely 
sandy  representative. 

The  blue  clays  underlying  the  Lower  Greensand  were  not  un- 
naturally taken  for  Wealden  in  the  first  instance,  but  a  number  of 
fossils  washed  from  these  clays  by  Mr.  Creswick,  of  the  Admiralty 
Office  of  Works,  were  found  to  be  suspiciously  like  Oxford-day 
forms,  and  on  being  submitted  to  Messrs.  G.  Bharman  and  E.  T, 
Newton,  F.G.S.,  of  the  Geological  Survey,  they  were  identified  as 
follows : — 

*  A  short  notice  of  the  strata  iMuned  throoffh  in  this  well  has  alreadv  been 
given  by  Mr.  Whitaker  in  his  *  Gmide  to  the  Geology  of  London  and  the  )f  eigh- 
bourhood '  (4th  edition,  1884),  pp.  19,  21.  A  more  detailed  aocoont  of  mat 
will  be  given  in  a  forthcoming  publication  of  the  Gheologioal  Survey. 
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Ammonitea  orenatus,  Bntg,  Fentacrinus,  sp. 

hecticufl,  Bein,  Oidaris,  sp.  ^plate  and  small  spine). 

Lamberti«  Sby,  Acrosalenia  (?)  (small  spine). 

plicatus?,  Shy,  Crustacean  claws  and  limbs. 

(minute  forms,  possibly  young).       Bairdia  (near  to  Juddiana,  Jones). 

Belemnites,  sp.  tierpula  yertebralis,  Sby, 

Alaria  triflda.  ,  sp. 

Gasteropoda  (very  minute).  Coral  Tsmall  turbinate). 

Astarte,  sp.  CristeUaria  rotulata,  Lam,  (var.  with 

Corbula?  cupped  centre  and  raised  septa). 

Peoten,  sp.  (var.  with  smooth  exterior). 

Pentacrinus  Rsheri,  Baily  (Forbes'8      crepidula,  F,  i-  M. 

MS.)?  Wood. 
sigmaringensis?!  Quenst, 

The  evidence  of  these  fossils  is  conclusive  that  the  strata  which 
contain  them  are  not  only  of  Oxfordian  age,  but  that  they  belong  to 
the  middle  portion  of  the  Oxfordian,  the  Zone  of  Ammonites  hi- 
mammatus  of  Oppel  or  the  Zone  of  Ammonitts  Lamherti  of  English 
authors. 

It  thus  appears  that  the  Wealden  deposits,  which  have  such  an 
enormous  thickness  (2000  ft.)  in  the  Weald  area  proper,  and  are 
said  to  have  been  proved  to  tiie  depth  of  600  feet  only  7  miles  off 
at  Maidstone,  have  thinned  out  completely  within  7  miles  of  the 
Lower  Greensand  escarpment. 

For  the  first  time,  then,  we  have  direct  evidence  of  the  position  of 
outcrop  under  the  Cretaceous  rocks  of  strata  of  Middle-Oolite  age 
in  the  South-east  of  England.  The  existence  of  such  strata  was 
inferred  from  the  position  of  the  Upper  Oolite  as  revealed  in  the 
Wealden  boring  at  Battle,  aiid  from  that  of  the  Lower  Oolites  in 
the  borings  at  Richmond  and  at  Meux's  Brewery,  and  was  supported 
by  the  fact  of  the  presence  of  numerous  fossils  derived  from  them  in 
the  Lower-Grecnsand  strata  cropping  out  from  beneath  the  North 
Downs.  From  this  evidence  we  were  enabled  to  indicate  with  con- 
siderable precision  the  exact  latitude  in  the  south-east  of  England 
where  the  Middle  Oolite  might  be  expected  to  occur  under  the 
Clialk.  The  Chatham  well  has  supplied  the  most  conclusive  evi- 
dence that  our  reasonings  on  the  subject  were  well  founded. 

The  important  modifications  of  the  views  hitherto  held  by  geolo- 
gists concerning  the  depth  at  which  rocks  yielding  coal  and  water 
respectively  may  be  expected  to  be  found  in  the  south-east  of 
England,  which  result  from  the  discovery  of  the  wide  distribution  of 
Jurassic  rocks  beneath  the  Cretaceous  strat'a,  have  been  already 
dwelt  upon,  and  the  justice  of  the  conclusions  arrived  at  has  been 
proved  by  the  important  revelations  of  the  Chatham  welL 


Discussion. 

The  Pbesidbnt  congratulated  the  authors  on  the  important  addi- 
tions made  by  these  borings  to  our  knowledge  of  the  geology  of 
ttouth-eastern  England.     He  considered  that  the  comparatively  high 

aJ.G.S.  No.  164.  2p 
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dip  rendered  it  more  probable  than  ever  that  the  red  beds  were 
of  Palaeozoic  age. 

Prof.  Pbbstwich  said  that  the  section  was  the  most  interesting 
yet  recorded  in  the  London  district.  The  observation  of  the  dip 
was  new  and  important,  as  it  coincided  with  the  preyions  one 
noticed  at  Meux's  Brewery,  as  well  as  those  at  Harwich  and  Kentish 
Town,  and  tended  to  show  that  the  beds  are  probably  not  New  but 
Old  Eed  Sandstone  like  the  Devonians  of  western  England  and 
the  north  of  France.  The  temperature-observations  a^^ed  very 
nearly  with  those  made  at  Kentish  Town. 

Mr.  Bauebmak  remarked  that  the  paper  dealt  with  one  of  the 
most  interesting  subjects  in  the  geology  of  southern  England.  He 
regretted  that  the  Oxford  Clay  had  again  made  its  appearance  in 
the  Chatham  boring,  as  showing  a  probable  great  thic^ess  of  the 
Oolites.  The  occurrence  of  Old  B^  at  Bichmond  was  also  disap- 
pointing. He  thought  that  a  boring  was  wanted  in  the  Kennet 
Valley  between  Beading  and  Devizes. 

Mr.  ToPLsr  said  that  the  establishment  of  fixed  horizons  in  the 
Chalk  underlying  London  would  aid  greatly  in  mapping  the  sub- 
divisions of  that  formation  to  the  south.  He  regretted  the  absence  of 
Mr.  Whitaker,  who,  with  Mr.  Newton,  had  been  engaged  in  working 
out  the  question.  Mr.  Creswick  had  washed  out  the  fossils  from 
the  Chatham  boring,  and  he  had  the  credit  of  being  the  first  to 
suggest  their  Oxford-Clay  age.  He  had  himself  called  attention  to 
the  Chatham  boring  when  Prof.  Judd's  previous  paper  was  read,/ 
but  at  that  time,  no  fossils  having  been  obtained,  he  supposed  that 
the  Oxfordian  beds  were  Wealden.  He  suggested  a  comparison  of  the 
bottom-beds  of  the  Bichmond  well  with  specimens  from  the  Cross- 
ness boring  now  exhibited.  He  also  called  attention  to  a  specimen 
from  the  bottom-beds  of  the  Harwich  boring,  in  which  Posido^ 
nomya  was  said  to  have  occurred. 

Prof.  T.  RuPEBT  Jones  stated  that  the  Posidanamya  frx)m  the 
Harwich  boring  was  examined  by  him,  and  undoubtedly  belonged  to 
that  genus.  He  asked  whether  the  Oxford  Clay  at  Chatham  con- 
tained Entomostraca  as  some  Wiltshire  specimens  did. 

Dr.  C.  liB  Neve  Fosteb  inquired  whether  Prof.  Judd  was  satisfied 
that  the  boring  was  vertical,  as  borings  with  the  diamond-drill  fre- 
quently deviated  much  from  their  initial  direction  at  no  considerable 
depth.  This  was  of  much  importance  in  considering  the  question 
of  dip  as  determined  from  the  cores  extracted. 

Prof.  Judo  said  that  he  would  not  enter  into  the  vexed  question 
of  the  age  of  the  beds.  All  the  evidence  which  could  be  obtained 
was  given  in  the  paper,  but  it  was  admitted  that  uncertainty  still 
remained.  In  the  case  of  the  Bichmond  well  the  boring  could  not 
have  deviated  much  from  the  vertical  direction. 
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39.  Note  on  the  Zoolooigal  Posrrioir  of  the  Oenus  Miobochckbus, 
Wood,  and  its  Appakbnt  iDBNnrr  wiih  Hyopsodus,  Leidy.  By 
R.  Ltdbkkbb,  Esq.,  B.A.,  F.G.S.,  &o.    (Read  June  24, 1885.) 

Ik  1846  the  late  Mr.  S.  V.  Wood  described  ♦  and  figured  the  palate 
and  left  ramus  of  the  mandible  of  a  small  mammal  from  the  Upper 
Eocene  of  Hordwell,  under  the  name  of  Microchogrue  erinaceue^  and 
considered  that  it  was  allied  to  Hyracoiherium ;  although  the  specific 
name  appears  to  indicate  that  he  had  a  suspicion  of  other  affinities. 
In  1870  Prof.  J.  Leidy  f  proposed  the  generic  name  of  Hyopeodus  for 
a  small  mammal  from  the  reputed  Upper  Eocene  of  Wyoming,  the  re- 
mains of  which  were  figured  and  described  in  a  later  workt,  and 
were  also  regarded  as  indicating  an  animal  allied  to  Hyracatherium, 
A  recent  comparison  of  the  type  specimens  of  Microchcsrus^  which  are 
now  in  the  British  Museum  (No.  25229),  with  Prof.  Leidy's  figures 
of  Hyopsodus  has  convinced  the  writer  that  the  two  forms  are  ex- 
tremely closely  related  and,  in  his  own  opinion,  generically  identical. 
The  Elnglish  form,  of  which  the  right  upper  dentition  is  figured  on 
an  enlarged  scale  in  the  accompanying  woodcut,  agrees  in  size  with 
Hyopsodus  vicarius,  Ck>pe§,  and  the  resemblance  is  so  close  that  it 

liicrochcerus  erinaceus.     The  Right  Upper  Dentition^  from  the 
palatal  aspect,     x  2, 


is  difficult  to  point  out  eyen  specific  differences  ;  the  former  shows, 
indeed,  a  minute  accessory  column  in  the  valley  external  to  the 
true  main  outer  columns  in  the  upper  true  molars,  which  is  wanting 
in  Prof.  Leidy's  figure  of  ff.  patduSj  but  whether  present  or  absent 
in  If.  vicarius  cannot  be  determined  from  Prof.  Cope's  figure.  In 
any  case  the  absence  or  presence  of  this  column  would  not,  in  the 
present  writer's  opinion,  be  a  character  of  more  than  specific  value. 
The  figured  American  specimens  of  Hyopsodus  do  not  show  all 
the  anterior  teeth,  and  in  this  respect  the  type  of  Microchcerus  is  of 

*  '  Charlesworth's  London  Geological  Journal/  No.  i  p.  5,  pL  ii.  figs.  1  and 
3  (1846). 

t  Proc.  Ac.  Nat  Sci.  Philad.  1870.  p.  110. 

1  '  ContribntionB  to  Extinct  Vertebrate  Fauna  of  the  Western  Territories ' 
(Bep.  tJ.  8.  Geol.  Surv.).  PP-  75-80,  pi.  ri.  (1873). 

f  Vide  Amer.  Nat  1885,  p.  460,  fig.  3. 
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groat  importance.  In  the  cranium  there  are  altogether  nine  teeth 
on  each  side.  The  last  three  are  true  molars,  in  advance  of  which 
are  two  molariform  premolars ;  the  four  teeth  in  front  of  the  latter 
are  caniniform,  and  at  least  the  two  first  are  inserted  in  the  pre- 
maxilla.  As  the  maxillo-premaxillary  suture  is  not  visihle,  it  is 
impossible  to  be  sure  of  the  homology  of  the  third  and  fourth  teeth ; 
but  the  writer  is  inclined  to  regard  them  respectively  as  the  third 
incisor  and  the  canine,  although  they  may  be  the  canine  and  the 
antepenultimate  premolar.  The  upper  dental  formula  will  be  there- 
fore either  I.  2,  C.  1,  Pm.  3,  M.  3,  or  I.  3,  C.  1,  Pm.  2,  M.  3. 
The  innermost  incisor  is  separated  by  a  wide  interval  from  the 
homologous  tooth  of  the  opposite  side,  in  which  respect  it  agrees  with 
Erinaceus  and  several  other  Inscctivora,  and  differs  widely  from  all 
Ungulates.  The  small  size  of  the  canine  (whichever  this  tooth  be) 
and  the  caniniform  incisors  are  marked  insectivorous  characters. 

The  lower  jaw  is  reported  to  have  been  perfect  when  first  discovered, 
but  was  broken  during  a  journey  to  Paris.  In  its  present  condition 
it  comprises  the  middle  portion  of  the  ramus,  with  the  three  true  molars 
and  the  last  premolar ;  but  the  two  extremities  have  been  restored 
in  wax ;  the  restoration  of  the  anterior  extremity  is  totally  erroneous, 
there  being  a  huge  canine,  which  could  not  possibly  have  belonged 
to  such  an  animal.  In  the  figure  there  are  shown  three  equal-^ized 
premolariform  teeth  in  front  of  the  true  molars,  then  a  very  minute 
tooth,  and  then  a  larger  caninifonn  tooth  with  a  considerable  far- 
ward  inclination ;  but  it  is  uncertain  whether  this  is  correct 
Another  portion  of  a  right  ramus  in  the  Museum  from  the  same 
locality  shows  two  premolariform  teeth  in  front  of  the  true  molars, 
and  two  empty  alveoli  in  advance  of  the  former,  which  incline  forward 
as  in  Erinaceus;  but  it  is  not  easy  to  determine  their  serial  homology. 

The  dentition  of  Microchcerus  agrees  so  closely  with  that  of 
ErincicexAS  that  the  writer  has  no  hesitation  in  placing  it  in  the  same 
order.  The  cusps  on  the  true  molars  are  decidedly  lower  than,  and 
differ  considerably  in  arrangement  from,  those  of  ErinaceuSy  the 
difference  being  so  great  as,  in  his  opinion,  to  forbid  the  indusion 
of  the  two  genera  in  the  same  family.  The  name  Hyopsodns^  if, 
as  is  almost  certainly  the  case,  that  genus  be  identical  with  Micro- 
chcerus,  should  be  superseded  by  the  latter ;  and  under  any  circum- 
stances both  the  American  and  English  forms  must  be  placed  in  the 
same  family.  Prof.  Cope*,  in  discussing  the  affinity  of  ffyopsodut^ 
associates  it  with  the  lemurine  Adapts,  but  remarks  that  many  of 
the  genera  which  he  provisionally  includes  in  the  same  group  present 
such  marked  resemblance  to  the  Insectivora  that  he  is  unable  to  say 
whether  they  should  be  referred  to  that  order  or  to  the  Lemuroid 
Primates,  there  being  strong  evidence  of  a  complete  transition  be- 
tween the  two. 

The  identity  or,  at  least,  the  intimate  affinity  of  Mierochcerus  and 
IIijopsodiAs  is  another  instance  of  the  close  connection  existing  be- 
tween the  Upper  Eocene  and  Lower  Miocene  Mammalian  fauna  of 
•  6^.  ct?.  pp.  459,  460. 
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Europe  and  that  of  the  reputed  equivalent  strata  of  North  America, 
80  remarkably  exemplified  by  the  occurrence  in  both  of  genera  like 
Hycenodon^  Oarycena,  Proviverra  (Siypolophus)^  Eloiherium^  Hyopo- 
iamus,  CoTryphodon,  Pachynolojjhus  and  Hyracotherium  {(h^ohippus). 
In  conclusion  it  appears  that  Microchoerus  erinaceus  is  by  no  means 
an  uncommon  form  in  the  Eocene  of  Herd  well,  since  the  British 
Museum  possesses  several  fragments  in  addition  to  the  type,  and 
there  are  several  imperfect  specimens  of  the  upper  and  lower  jaws 
in  the  Woodwardian  Museum  at  Cambridge. 
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40.  On  the  Igneoits  and  Associatbd  Rocks  of  the  Brsiddbf  Hillb  tii 
East  Montgomeryshire  a^id  West  Shropshire.  By  W.  W. 
Watts,  Esq.,  M.A.,  F.G  S.     (Bead  June  24,  1885.) 

I.  Ltteratitre. 

MimcHisoN,  Sir  R.  I.     Silurian  System,  p.  290,  et  eeq,     1839. 

.     Siluria,  p.  89.     1859. 

Morton,  G.  H.     On  the  Geology  and  Mineral  Veins  of  the  country 

around  Shelve,  Shropshire,  with  a  notice  of  the  Breidden  HiUs. 

Proc.  Liverpool  Gool.  Soc.  pp.  40,  41.     1868-69. 
Stmonds,  Prof.  W.  S.     Records  of  the  Rocks,  p.  89.     1872. 
Ramsat,  Sir  A.     Geological  Survey  of  N.  Wales,  p.  328.     1881. 
Randall.     Severn  Valley,  pp.  120-122.     1882. 
La  Touche,  Rev.  J,  D.     Geology  of  Shropshire,  p.  12.     1884. 
Vine,  G.  R.     Quart.  Joum.  Geol.  Soc.  xli.  p.  109.     1885. 
Geological  Survey.    Map.     Sheet  60  N.E.     1850  and  1855. 
.    Horizontal  Section.     Sheet  35.     1853. 

II.   iNTRODUCnOK. 

The  rocks  described  in  this  paper  occur  in  a  district  on  the  borders  of 
Shropshire  and  Montgomeryshire,  on  the  east  side  of  the  Severn,  about 
12  miles  W.  of  Shrewsbury  and  6  miles  N.E.  of  Welshpool.  They 
are  mapped  by  the  Geological  Survey,  but  no  detailed  description, 
except  a  few  notices  in  Murchison's  works,  has  yet  been  published. 

There  are  three  chief  parallel  ridges  running  N.E.  and  S.W.  The 
two  westerly  ones,  called  the  Breidden  or  Rodney's  Pillar  Hill  (1143^) 
— extending  northwards  as  far  as  Brimford  Wood — and  the  Criggan, 
are  composed  of  intrusive  basic  rock,  and  of  this  there  are  also  one  or 
two  other  little  hills, — the  Garreg  near  Trewern  and  Foel  Coppice  to 
the  south,  Belan  Bank  rising  out  of  the  alluvial  plain  of  the  Severs, 
and  two  small  hills  to  the  north.  The  easterly  ridge,  whose  chief 
summits  are  Moel-y-Golfa  (1199'),  Middletown  Hill,  Bulthey  Hill, 
and  Bausley  Hill,  consists  of  lavas,  ashes,  and  conglomerates  of  an 
intermediate  type.  Associated  with  these  igneous  rocks  are  shales, 
sandstones,  and  mudstones,  which  appear  to  be  an  inlier  of  the 
Bala  rocks  of  Shelve  reappearing  under  the  Silurian  synclinal  of 
the  Long  Mountain  to  the  S.E.,  which  also  seem  to  reappear  as  a 
tiny  inlier  at  Buttington,  and  are  apparently  continued  further  to 
the  S.W.  in  a  strip  of  similar  rocks  to  the  E.  and  S.E.  of  Welsh- 
pool. 

In  this  paper  I  propose  to  describe  the  contemporaneous  and  in- 
trusive igneous  rocks  of  the  region,  and  to  give  a  short  account  of 
the  sedimentary  rocks  connected  with  them.  And  here  I  have  great 
pleasure  in  expressing  my  most  sincere  thanks  to  Br.  Davidson  and 
Prof.  Lapworth  for  their  kindness  in  determining  my  firagmentary 
fossils,  and  to  Prof.  Bonney  and  Mr.  Allport  for  their  ready  help  in 
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the  difficulties  which  beset  me  in  trying  to  make  anything  out  of  the 
petrology  of  rocks  which  have  undergone  so  much  decomposition  as 
these. 

III.  Cahbbian  Rocks  (Sedgwick), 

These  are  best  exposed  in  a  little  brook  which  rises  between 
Bnlthey  and  Bausley  Hills,  and,  joining  Bclleisle  Brook,  cuts  through 
the  shales  where  they  are  not  much  traversed  by  eruptive  rocks ;  but 
they  are  also  seen  in  many  isolated  spots  amongst  the  hills,  particu- 
larly near  Trewem.  They  consist  of  a  series  of  slightly  varying 
micaceous  shales,  dark  grey  and  sometimes  black  in  colour,  easily 
fissile,  slightly  concretionary,  and  much  broken  by  ironstained  joints. 
Though  appearing  very  likely  to  be  fossiliferous,  no  fossils  of  any 
kind  have  been  found  in  these  Criggion  shales,  and  their  remarkable 
homogeneity  renders  it  useless  to  attempt  to  establish  divisions 
amongst  them.  The  base  of  the  shales  is  not  seen,  for  the  Severn 
alluvium  covers  it  up.  A  remarkable  band  of  sharply  jointed,  struc- 
tureless, black  quartzose  grit  occurs  about  800  feet  above  the  lowest 
beds  seen ;  it  is  20  feet  thick,  and  is  evidently  much  altered  by  a 
small  dyke  of  diabase  which  penetrates  the  shales  in  its  neighbour- 
hood, and  by  its  proximity  to  the  intrusive  mass  of  Brimford  Wood, 
of  wliich  this  dyke  is  an  offshoot.  There  are  two  other  dykes,  one 
60  feet  and  the  other  30  feet  wide,  shown  in  the  tributary.  Along 
Belleisle  Brook  which  follows  the  junction  of  the  shales  with  coarse- 
grained diabase,  the  shales  are  much  hardened,  jointed,  and  altered. 
The  dip  of  the  rocks  along  the  brooks  varies  from  80°  S.  to  60°  S.E. 
and  60°  S.S.E. ;  and,  from  the  map,  I  should  calculate  that,  below  the 
conglomerates  shortly  to  be  described,  there  are  about  2700  feet  of 
rock  where  least  disturbed,  though  the  changes  of  dip  and  amount 
of  intrusion  render  this  estimate  uncertain.  Shales  of  precisely  this 
character  are  observed  to  the  8.W.,  often  more  or  less  altered  and 
much  disturbed  in  dip  (particularly  in  the  neighbourhood  of  the 
Criggan,  Garreg,  and  other  intrusive  masses),  and  always  unfossili- 
ferous.  I  have  not  been  able  to  identify  the  black  grit  to  the  south 
of  this  section. 

The  shales  are  followed  by  volcanic  ashes,  conglomerates,  and 
even  lavas  which  rise  in  the  hills  of  the  S.E.  ridge.  They  are  typi- 
cally developed  in  the  road-cutting  between  Bulthey  and  Bausley  hills 
and  on  the  northern  crag  of  Bausley  Hill  where  the  rock  is  almost 
vertical.  In  a  quarry  near  the  road-cutting,  spotted  ashy  beds  and 
conglomerates  are  exposed,  and  these  are  followed  by  a  massive  con- 
glomerate (of  the  road-cutting)  dipping  S.W.  exclusively  com- 
posed of  volcanic  rocks,  and  almost  entirely  of  andesitic  fragments, 
some  0^  them  reaching  a  diameter  of  18  inches,  set  in  a  grey  or 
spotted  ashy  matrix.  The  thickness  of  conglomerate  shown  in  the 
road -cutting  is  110  feet.  In  Bausley  Hill*  shales  and  ashy  grits 
are  intercalated  amongst  the  conglomerates,  and  consequently  the 
series  is  thicker ;  a  few  fossils  are  found  in  the  grits.  In  a  small 
farmyard  at  the  north  end  of  Bausley  Hill,  above  the  conglomerates, 
»  SU.  Syst,  292. 
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occur  greenish-  grey,  barren,  homogeneous  or  micaceoiiB  shales  break- 
ing into  cuboidal  fragments,  alternating  with  more  sandy  beds  and 
indurated  grey  grits  with  Graptolites,  which  pass  into  thicker-bedded 
and  more  obviously  ashy  grits  weathering  brown  and  containing 
shells,  Trilobites,  and  rare  Graptolites.  These  beds  are  actually 
ovorthrust  and  dip  to  the  N.W.  at  38° ;  but  I  think  this  is  simply 
inversion,  for  precisely  similar  beds  are  common  above  the  con- 
glomerates, particularly  at  the  south  part  of  Bausley  Hill,  near  a 
farm-house,  where  some  of  the  same  fossils  have  been  found.  These 
localities  are  the  only  ones  from  which  I  have  obtained  identifiable 
fossils,  but  they  seem  to  indicate  the  age  of  the  series  pretty  clearly. 
Prof.  Lapworth  has  determined  the  Graptolites,  and  Dr.  Davidson 
the  Brachiopoda. 


Climacograptus  antiquus?,  Lt^fna. 

bicomis  ?,  Hail. 

Scharenbergi,  Lajiw. 

f  sp. 

Oryptograptus  tricomis,  Carr, 
DicranograptuB,  sp.  ? 
Diplograptus  foliaoeus,  Murch. 
rugosus,  Emm. 


LeptograptuB  flaocidus?,  Hall. 

Cnnoids. 

Beyricbia  oomplioata,  Salt. 

TrinucleuB  ooncentricua,  EaUm. 

fimbriatuB,  Murch. 

Lingula,  sp. 

Orthis  testudinaria,  Datm. 

Bellerophon  bilobatua,  Sow. 


Orthis  testvdinaria,  another  Orthu^  and  orinoid  stems  have  been 
obtained  from  the  second  locality  just  named  in  the  south  part  of 
Bausley  Hill  *  ;  while  Mr.  Morgan  t  has  found  Thamniscus  antiquus 
ariiongst  other  forms  in  ashy  beds  to  the  N.E.  of  Middletown  Hill. 
These  fossils,  of  which  some  range  from  Lower  to  Middle  Bala, 
some  from  Middle  to  Upper  Bala,  and  some  have  a  wider  range, 
seem  to  indicate  that  these  beds  belong  to  the  Bala  group  and  are  the 
equivalents  of  the  top  of  the  Glenkiln  or  bottom  of  the  Hartfell 
series.  Above  them  come  similar  unfossiUferous  shales  with  more 
frequent  grit  bands.  It  is  certainly  likely  that  the  exact  equivalent 
of  these  beds  may  be  found  in  the  upper  rocks  of  Hagley  and  Mar- 
rington  in  the  Comdon  district,  but  I  am  not  yet  sufficiently  familiar 
wiUi  that  area  to  speak  with  any  certainty. 

When  traced  to  the  8.W.,  ashy  beds  are  intercalated  between  the 
conglomerates,  and  a  fold  and  fault  in  the  rocks  makes  them 
occupy  a  wide  extent  on  the  map.  The  structure  of  Middletown 
Hill  is  explained  by  the  subjoined  diagram  (fig.  1),  in  which  the 
fault  at  Middletown  quarry  is  shown.  The  ash  is  made  up  of 
fragments  of  decomposed  felspar,  often  replaced  by  kaolin,  and 
stained  light  green,  like  some  of  the  felspar  crystals  in  weathered 
pieces  of  Shap-Fell  granite  :  there  are  also  flesh-coloured  and  black 
fragments,  and  fragments  of  banded  volcanic  rock.  A  large  amount 
of  this  rock  has  been  quarried  for  china-stone,  but  the  depth  tf  colour 
in  all  but  a  few  beds  spoiled  it  for  this  purpose.  Fnder  the  micro- 
scope the  ash  shows  all  the  characters  of  a  trachytic  tuff  altered  to 

*  Since  ibis  was  written,  Prof.  Lapworth  has  found  Diplograpiui  fotuteetu 
in  this  locality,  and  Trinucleus  in  the  matrix  of  the  conglomerate, 
t  Quart  Joum.  Geol.  Soc.  xli.  111. 
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Fig.  1. — Section  across  MiddUioum  Hill.    (Length,  \  mile.) 

8.  N. 


OS'.  Oambrian  Shales. 
y  A.  Voloanio  ash. 
CS".  Cambrian  Shales. 


V  C  Lower  Volcanic  Conglomerate. 
VC".  Upper  Volcanic  Conglomerate. 
0,= quarries.  C.  Little  crags.        //.  Fault. 


kaolin  and  quartz.  This  ash  is  again  seen  to  the  S.  of  Moel-y- 
Golfa,  and  in  one  or  two  isolated  spots  to  the  N.E.  It  passes  up 
into  andesitic  conglomerate,  and  that,  in  a  quarry  at  the  foot  of 
the  hill,  into  10'  of  volcanic  grit  without  pebbles,  followed  by  sand- 
stone and  shale  with  hard  grit  bands  containing  Pentameras ;  a 
fault  obscures  the  exact  relations  of  the  two  groups. 

The  lowest  beds  seen  in  Moel-y-Golfa  are  lavas  of  an  andesitic 
type,  well  exposed  in  the  great  crags  at  the  S.W.  end  of  the  hill. 
Similar  lavas  are  seen  to  succeed  one  another  on  the  S.E.  side,  one 
of  the  lowest  of  them  being  amygdaloidal,  to  a  total  thickness  perhaps 
of  400  feet,  until,  at  ahout  650  feet  from  the  summit,  they  are  fol- 
lowed hy  ashy  beds  and  these  by  conglomerates,  both  of  which  wrap 
round  the  S.W.  end  of  the  hill ;  these  are  visible  in  the  crags  and 
quarries  on  and  near  the  Welshpool  road.  The  ash,  when  not  of 
the  china-stone  type,  is  obviously  formed  of  the  same  materials  as  the 
lavas  of  the  hill,  and  the  conglomerates,  in  which  I  have  measured 
fragments  2  feet  long,  are  composed  of  lumps  of  the  same  rock. 

The  hill  is  very  abrupt  at  its  S.W.  extremity,  and  the  ashes  and 
conglomerates  do  not  thin  out  as  they  do  northwards,  but  are  re- 
placed on  the  plain  by  the  shales  of  Trewem,  like  those  found  else- 
where beneath  the  conglomerate,  suggesting  that  the  beds  are  cut 
off  by  a  fault ;  but  there  is  no  additional  evidence  of  this  unless  we 
consider  the  absence  of  the  black  grit  of  Belleisle  Brook  to  be  such. 

At  Cefia,  near  Buttington,  there  is  an  inlier,  probably  of  the  same 
rocks,  associated  with  an  intrusion  of  diabase.  The  quarries  show 
shivery  grey  shales  interbedded  with  grits  often  baked  to  quartzite 
and  very  much  contorted  by  the  intrusion  *. 

From 'this  description  it  will  be  seen  that  the  centre  of  volcanic 
activity  was  at  Moel-y-Golfa,  where  the  lavas  occur  and  near  to 
which  the  ash  beds  are  thickest,  while  further  north  the  area  was 
for  the  most  part  submerged,  becoming  occasionally  shallow  for  the 
formation  of  conglomerates  and  even  at  times  upheaved  to  receive 
*  Silurian  System,  292. 
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the  ashes.  Some  hosses  of  rock  on  Moel-y-Oolfa  may  be  intrasivey 
but  I  haye  found  no  conclusive  evidence  of  this  ;  most  of  them  are 
certainly  lavas  and  have  suffered  denudation  to  form  the  conglome- 
rates. 

IV.  Silurian  Rocks  (Sedgwick). 

These  occupy  an  area  8.E.  of  the  ridges,  and  closely  overlap  the 
Cambrian  rocks,  particularly  on  the  flank  of  Middletown  Hill,  where 
the  lowest  beds  are  exposed.  It  is  extremely  unf originate  that, 
though  these  rocks  are  in  close  proximity  to  exposures  of  the  volcanic 
conglomerate,  the  actual  base  and  the  character  of  the  junction  cannot 
be  determined.  The  lower  rocks,  exposed  in  a  lane  leading  from 
Middletown  to  the  Barytes  mine,  consist  of  greenish-brown,  rather 
tough,  thin-bedded  mudstones,  and  soft  sandstone  much  stained  with 
ochre  and  containing  a  few  quartz  pebbles  and  some  hardened, 
impure  siliceous  concretions  and  beds  ;  they  are  barren  for  the  most 
part,  but  have  yielded  a  few  shell-casts.  The  strata  dip  at  35°  S. 
30°  E.,  and  about  250  feet  are  exposed.  I  have  found  the  following 
fossils,  most  of  which  Dr.  Davidson  has  kindly  examined  for  me : — 


Pentamerus  globosus  7,  Saw, 

oblongus,  Sow. 

undatuB,  Sow. 

Athyris  ?  sp. 


OrthiB  rustioa?.  Sow. 

,  sp. 

LeptaBDA  tranfrenalifl,  Wakl. 
Sfcrophomena  rhomboidaliB»  Wakl, 


together  with  a  Oasteropod  and  a  small  Braohiopod  of  an  unknown 
genus,  but  resembling  TripUna.  These  fix  the  age  of  these  beds  as 
May-Hill,  and  so  there  must  be  a  marked  break  between  the  Cam- 
brian and  PentameruB-beds,  and  an  unconformabUity  of  which  the 
slight  change  in  dip  gives  little  evidence. 

Faults  which  bear  barytes  traverse  Middletown  Hill  to  the  N.E. 
of  this  exposure,  coursing  N.  35°  W.  and  S.  35°  E.,  and  introduce  a 
slip  of  similar  rocks  between  the  Cambrian  rocks.  In  this  strip  I 
have  found : —  . 

Petnia  sabduplioata?,  M*Coy. 

PentameruB  obloiigUB,  Sow. 

There  are  no  exposures  to  show  what  immediately  follows  these 
beds,  but  the  next  rock  seen  is  a  purple  shale,  shown  in  the  small 
brooks  near  Middletown  Schoolhouse  and  the  New  Inn,  and  in  the 
brook  which  rises  near  the  Four  Crosses  Inn.  It  is  a  purple  shale, 
soft  and  micaceous,  containing  green  bands  and  concretions.  No 
fossils  have  hitherto  been  found  in  it.  It  dips  S.  10°  E.  at  from 
35°  to  60°,  and  appears  to  be  about  200  feet  thick,  while  tlie  total 
thickness  from  the  lowest  May-Hill  beds  exposed  to  the  top  of  this 
shale  cannot  be  much  less  than  660  feet  The  upper  part  becomes 
greyer  and  more  concretionary  till  it  passes  into  the  ordinary  gr^ 
Wenlock  shale.  The  purple  beds  have  also  been  recognized  along 
the  brooks  and  roads  around  the  Buttington  inlier,  but  I  have  not 
yet  recognized  Pentamerus-beds  there.  The  position,  appearance, 
and  character  of  these  shales  Imk  them  with  the  purple  shales  above 
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Pentamerus-beds  in  Shropshire,  and  they  are  the  probable  eqniralent 
of  the  Tarannon  shales  of  NorUi  Wales. 

The  Wenlock  shales  follow,  and  they  are  of  importance  from  their 
position  as  showing  a  transition  from  the  calcareous  development  in 
Salop  to  the  arenaceous  type  in  Denbigh.  They  are  admirably  dis- 
played in  road-  and  railway-cuttings,  small  quarries,  and  a  number 
of  transverse  streams  which  flow  down  from  the  Long  Mountain.  I 
have  not  yet  been  able  to  work  out  these  rocks  in  great  detail, 
still  less  to  follow  the  zones  to  the  S.E.  side  of  the  sjmdinal,  but 
I  hope  at  some  future  time  to 
return  to  this,  the  abundance  of 
Graptolites  giving  promise  of  use-  « 

ful  results.  % 

I  have  run  four  sections  across       O  « 
these   beds  from  N.W.   to  S.E.,       :| 
between  the  N.  of  the  area  and       ^ 
Buttington,  and  they  show  a  pretty 
regular  succession  and  palseonto- 
logical  development,  such  as  en-      .a  j,^  _ 

ables  us  to  compare  them  with 
other  areas. 

Beginning  at  the  N.  (flg.  2),  a 
number  of  sections  are  laid  open 
along  the  brook  running  from  Har- 
graveWoodtoMiddletown.  At  the 
junction  of  this  with  a  tributary 
flowing  past  the  schoolhouse,  the 
lowest  beds  of  concretionary,  grey, 
calcareous  shale  (a)  contcdn  a  few 
imdeterminable  shells,  and  dip 
S.  15°  E.  at  32°.  A  Httle  further 
up,  where  the  brook  crosses  the 
railway,  are  similar  shales  (6)  with 
concretions  (2  feet  across)  dipping 
10°  S.  10°  E.,  and  containing  the 
following  Graptolites,  which,  to- 
gether with  others  shortly  to  be 
mentioned,  have  been  kindly  de- 
termined by  Prof.  Lapworth  : — 


Brook.  - 
Quany.- 


^ 


Boi4.. 


Bftflwaj.- 


Cyrtograptus,  sp. 
"fonogniptu 
Flemingii, 

These     are     Lower 


Brook. 
Tribatarj.  . 


Monograptus  pfiodon,  yar. 
'^      •     "1,  Salt. 


are  Lower  Wenlock 
forms.  Further  up,  where  a 
branch  from  Winnington  Green 
enters,  in  a  small  quarry,  are 
finer  bedded  shales  (c)  which  dip 
8.  60°  E.  at  Se"",  and  contain— 


Lane. 
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MonograptuB  bamlicus  (dubius,  Siiss). 

priodon,  Bronn. 

vomerinus  ?,  Nkh, 


Oalymene,  ip. 
Gucullella,  sp. 
Ortboceras  angalatum,  Hising., 


all  fossils  belonging  to  ibe  Upper  Wenlock.  Above  this  the  beds 
get  gradually  more  sandy  and  flaggy,  as  tbough  the  sea  were  slowly 
shallowing.  Near  the  Kose  and  Crown  Inn  is  a  capital  expoeore  in 
these  upper  beds  (d),  concretionary  brown  mudstones  dipping  40°  S. 
20°  E.,  and  yielding  :— 

MonOCTaptus  oolonus,  Lapw, 

leintwardinenBis.  Hopk. 

Entomis  tuberculosa,  Jones. 
OrthooeraB,  sp. 

These  fossils  belong  to  the  Lower  Ludlow  rocks,  and  must  be 
classed  with  them.  At  the  Hall  Mill  above  this  spot  are  brown  and 
dark-grey  sandy  mudstones,  finely  laminated,  with  some  calcareous 
bands  (e)  dipping  40°  8.  25°  E.    Here  I  have  found  no  fossils. 

A  second  section  runs  from  Coppice  House,  near  Middletown 
Station,  through  Glyn  to  Treftiant,  and  shows  a  very  similar  suc- 
cession. At  Coppice  House  the  grey  shales  dip  63°  S.  20°  E.,  and 
have  yielded : — 

MonograptuB  Tomerinus,  Nich. 
Ortboceras  sabundnlatum  ?,  Por^/L 

On  the  larger  brook,  where  it  receives  tributaries  from  Glyn 
Common,  massive  concretionary  shales  are  exposed  in  a  quarry  and 
have  a  slight  dip  to  N.W.    In  these  I  have  found  : — 

MonograptuB  oolonus  ?,  Lwpw, 

NilsBoni,  Barr, 

priodon,  yar.  Flemingii,  Salt, 

Orthooeras  subundulatum  ?,  PorU, ; 

a  very  curious  mixture  of  forms,  of  which  the  first  ranges  from 
Upper  Wenlock  to  Lower  Ludlow,  the  second  belongs  to  the  Upper 
Ludlow,  and  the  third  to  Lower  and  Upper  Wenlock.  So  these  beds 
may  come  between  Lower  and  Upper  Wenlock.  Half  a  mile  further 
S.E.,  on  the  brook  from  Trefhant,  are  exposures  of  shales,  wiUi  dips 
varying  from  S.  65°  E.  to  S.  20°  W.  at  low  angles.  Near  to  Trefiiant 
these  beds  contain  the  following  Lower  Ludlow  fossils : — 

MonograptuB  Nilssoni,  Barr, 
Salweyi,  Hopk. 

A  third  section  runs  from  Llwyn-Melyn  farm  past  Dingle  Mill  to 
the  County  Bridge  on  the  high  road  from  Woolaston  to  Welshpool 
In  the  lane  from  Trewem  to  Dingle  Mill,  and  in  the  railway-cutting 
near  Llwyn-Melyn,  are  the  usual  hard,  grey,  calcareous  shales,  very 
concretionary  and  dipping  8.  20°  W.  at  38°.     They  contain — 

MonograptuB  (like  oolonus,  Lapw,) 
Oardiola  interrupta,  Brod, 
Orthooeras  Bubundulatum,  Poril. 

Concretionary  shales  dip  up  Dingle  Brook  at  2d°  S.  5°  £.,  and  in 
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a  quarry  near  the  old  mill,  marked  by  an  arrow  on  the  Survey  Map, 
I  have  obtained — 

MonograptuB  oolonus,  Lapo, 

Orthooeras,  sp. 

Above  this  are  sandy  laminated  shales,  exposed  at  the  County  Bridge, 
dipping  49°  S.  10*^  E. 

A  fourth  section  goes  S.E.  from  Sale,  near  Buttiogton,  to  Ucheldre, 
and  shows  purple  shales  at  the  base  wrapping  round  the  little  anti- 
clinal of  Cambrian  rock ;  these  pass  up  by  alternations  into  grey 
Wenlock  shales,  but  all  these  rocks  are  much  contorted  near  the 
Cambrian  patch.     Fossils  are  found  in  the  Lower  Wenlock  of  Sale — 

Monograptus  romerinus,  Nich, 
Orthoceras  subundulatum  ?,  Port, 

Near  Ucheldre  a  quarry  with  shale  dipping  40°  S.  20°  E.  yields — 

Monograptus  Koemeri,  Barr. ; 

and  the  neighbouring  brook  running  to  Lower  Heldre,  where  it 
crosses  the  road,  shows  dark  grey  shales  with — 

Atrypa  reticularis,  Linn. 
Bb3mcbonel]a  nucula,  Sow. 
borealis,  Schloth, 

So  we  must  class  these  beds  with  the  Upper  Wenlock. 
Summing  up  the  Silurian,  there  seem  to  be  5  zones : — 

i7«i^«.4.;-«         /  !•  Pentamerus  Beds  1  ^^^v 

Valentian    .•  |  2.  Purple  Shales  )^ 

3.  Lower  Wenlock  ] 

4.  Upper  Wenlock  I  about  2500*. 


Salopian  , 


5.  Lower  Ludlow 


)■ 


To  zone  3  belong  the  beds  with  Cyriograpsus  (?),  where  Hargrave 
Brook  crosses  the  railway,  the  beds  of  Coppice  House  and  Sale.  We 
must  place  between  3  and  4  the  rocks  of  Glyn  and  Llwyn-Melyn. 
To  4  belong  those  of  Winnington  (c),  Mill  on  Dingle  Brook,  and 
Ucheldre ;  and  the  beds  of  Trefuant  and  the  Hose  and  Crown  must 
be  grouped  in  5. 

Although  the  Silurian  usually  dips  at  a  lower  angle  than  the 
Cambrian,  particularly  near  the  junction,  the  variation  in  dip  is  so 
great  that  we  cannot  use  this  as  any  proof  of  unconformability ;  but 
quite  sufficient  exists  in  the  presence  of  bands  containing  Middle  Bala 
and  May-Hill  fossils  respectively,  so  near  to  one  another  as  in  the 
different  exposures  in  Middletown  Hill  and  to  the  south. 

V.  Igneoxts  Eocks. 

1.  Older  Series. 

These  occur  in  Moel-y-Golfa,  and  are  for  the  most  part  well 
exposed  on  its  crags.  They  appear  to  consist  of  a  set  of  lavas 
belonging  to  an  andesitic  type,  somewhat  of  the  character  of  the 
andesites  described  by  Mr.  Teall  in  his  paper  on  the  Cheviot  rocks*  : 
but  I  think  it  highly  probable  that  some  of  the  steeper  bosses  of  rock 
*  OeoL  Mag.  dec.  ii  x.  p.  100  et  aeq. 
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may  be  intrusive  and  take  the  place  of  the  pipe  of  the  old  yolcano. 
Of  this,  however,  I  have  no  farther  evidence  than  the  sadden  disap- 
pearance of  the  lava  to  the  S.W.  We  might  expect  such  rocks  to 
be  more  highly  crystalline  than  the  others ;  bat  this  need  by  no 
means  necessarily  be  the  case,  for  the  amygdaloidal  character  of  the 
more  basic  rocks,  shortly  to  be  described,  shows  that  those  parts  at 
present  exposed  could  not  have  been  subjected  to  very  great  pressure, 
but  probably  cooled  near  the  surface. 

Macroecopically  these  rocks  are  dark  grey  or  dull  greenish  in  colour, 
weathering  light  brown  or  white,  sharply  jointed,  sometimes  columnar 
(as  in  the  N.W.  flank  of  the  hill,  where  the  columns  are  from  2  feet 
to  18  inches  across)  and  often  traversed  by  platy  joints  at  right  angles 
to  the  columns.  Iliey  reveal  a  dead  ground-mass  with  small  por- 
phyritic  crystals  of  felspar — ^pink,  white,  or  green,  rarely  more  than 
*1  inch  in  length — and  black  crystals  of  pyroxene,  generally  smaller ; 
these  are  well  shown  on  poUshed  surfaces.  Often  the  felspars  look 
broken  and  rounded,  and  tempt  one  to  think  there  may  be  ash-beds 
amongst  the  lavas ;  but  though  I  have  most  carefully  searched  for  such 
beds  in  the  field  and  with  the  microscope,  I  have  been  unable  to 
obtain  conclusive  evidence  on  this  point,  even  the  most  fragmental- 
looking  to  the  eye  giving  evidence  under  the  microscope  that  they 
are  merely  lavas  in  which  the  crystals  have  been  a  little  knocked 
about ;  and  Prof.  Bonney,  who  has  most  kindly  examined  several  of 
my  most  typical  specimens,  entirely  concurs  in  this  conclusion. 
Microscopically,  these  rocks  present  only  varietal  difTerenoeSy  ao  that 
general  descriptions  will  suffice. 

1.  Felspar »  The  smaller  crystals  have  frequently  perfect  angles 
and  edges ;  the  larger  are  often  broken  or  incomplete,  at  least  at  one 
end.  There  are  generally  two  kinds  present : — first,  large  crystals 
showing  polysynthetic  twinning;  these  are  generally  in  the  minority; 
but  when  this  is  the  case  the  felspars  have  undei^ne  much  altera- 
tion, and  this  may  havemasked  the  twinning;  secondly,  singly  twinned 
or  untwinned  crystals,  sometimes  quite  like  sanidine  in  their  glassy 
clearness,  cracks,  and  inclusions ;  but  Prof.  Bonney  thinks  these  are 
generally  plagioclase :  probably  both  kinds  are  only  labradorite.  They 
are  both  mudi  altered,  chiefly  to  kaolin ;  and  often  this  alteration 
following  the  almost  rectangular  cleavage-cracks,  has  isolated 
small  spherules  of  unaltered  mineraL  Inclusions  are  very  oommon, 
and  usually  the  matter  of  the  inclusions  closely  resembles  the 
base  of  the  rock ;  and  even  when  it  differs,  it  is  seen  to  be  only  in  a 
slightly  different  state  of  alteration,  for  transitions  may  be  traced. 
In  the  specimen,  which  looks,  when  weathered,  most  like  an  ash  (£rom 
the  S.E.  crags,  300  feet*  from  the  summit),  the  inlets  bf  the  base  arr> 
most  obviously  connected  with  growth ;  for  from  their  shape  they 
could  not  be  accidental  fractures,  as  a  glance  at  fig.  4  will  show.  In  a 
specimen  taken  at  the  northern  end,  400  feet  from  the  summit  (fig.  3), 
Prof.  Bonney  noticed  a  little  epidote  and  serpentinous  aggregates 
enclosed  in  the  felspar,  and  the  latter  are  pretty  comm<m  in  other 
specimens. 

*  These,  and  the  other  dJHtances  gifen,  express  vertieal  height 
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Pig.  3. — Fd^Mr-cryatal  in  andesite  at  If,  ei\d  of  Moel-y-Oolfa^ 
400  ft.  from  summit^  showing  fractures  of  crystal  (a)  and  inclusion 
of  serpenUne  (b). 


Fig.  4. — Edge  of  felspar  cn/stal  showing  inclusions  of  base. 


2.  Pyroxene.  There  are  two  forms  of  this  mineral  present: 
(a)  Rhombic  pyroxene^  in  octagonal  or  elongated  sections,  indicating 
a  good  development  of  pinacoidal  faces  truncated  by  those  of  the 
prism.  There  is  a  good  cleavage  parallel  to  the  best-developed 
pinacoid,  but  no  trace  of  any  other  cleavage.  The  crystals  are  ter- 
minated by  oblique  faces,  probably  domes,  which  are  generally  only 
developed  at  one  end  of  the  crystal.  The  structure  is  slightly 
fibrous,  and  there  are  curious  lamellte  of  darker  green  mineral  gene- 
rally parallel  to  the  principal  pinaooid.  It  is  slightly  dichroic, 
passing  from  greenish  yellow,  when  the  cleavage  is  parallel  to  the 
short  axis  of  the  nicol,  to  light  straw-yellow  when  placed  at  right 
angles.  The  maximum  extinction  takes  place  when  the  cleavage  is 
parallel  to  one  of  the  vibration-planes  of  the  crossed  nicols,  and  the 
polarization  colours  are  not  of  a  very  high  order.  It  occurs  in 
crystals  of  aU  sizes,  retaining  its  shape  down  to  the  smallest  prisms.  It 
is  best  observed  in  its  unaltered  state  in  the  great  crags  running  round 
the  E.  and  S.E.  side  of  the  hill,  at  a  verticiJ  distance  of  from  300  to 
400  feet  from  the  snmmit,  but  in  an  altered  state  it  occnrs  in  almost 
all  the  lavas,  being  replaced  by  a  green  or  brown  serpentinous 
pseudomorph,  in  the  manner  so  admirably  figured  by  Mr.  W.  Cross*. 
The  serpentine  needles  frequently  have  a  radial  arrangement,  and 
there  is  more  alteration  in  the  large  than  in  the  smaller  crystals. 
*  Bulletixi,  United  States  GeoL  Sur?.  L  1885,  pL  iL  fig.  8. 
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In  some  of  the  specimens  minute  short  needles  of  green  mineral 
occur,  arranged  parallel  to  the  pinacoid ;  in  others  they  are  longer 
and  look  more  like  distinct  twins ;  exactly  similar  neeidles  are  fre- 
quently sown  broadcast  through  the  ground  of  the  rock.  They  are 
somewhat  opaque,  and  it  is  difficult  to  determine  anything  definite 
about  them  ;  they  appear  to  be  dichroic  and  to  have  a  high  extinc- 
tion-angle, so  they  may  possibly  be  an  abnormal  form  of  angite. 

The  hypersthene  described  by  Mr.  Whitman  Cross  *  shows  pris- 
matic cleavage;  that  noticed  by  Mr.  Teall  from  the  Cheviots t 
appears  to  have  no  pinacoidal  cleavage ;  the  hypersthene  in  a  Mont- 
serrat  lava  described  by  Mr.  Waller  J,  too,  shows  prismatic  as  well 
as  a  brachypinacoidal  cleavage ;  and  all  these  are  different  in  colour 
and  in  polarization-tints  from  the  mineral  here  described.  On  the 
other  hand  the  onstatite  of  Eycott  Hill,  described  by  Prof.  Bonney  §, 
is  like  this  in  shape,  colour,  cleavage,  fibrous  structure,  and  altera- 
tipn,  so  that  the  mineral  is  some  form  of  enstatite  or  bronzite. 
Prof.  Uosenbusch  too  speaks  of  a  similar  mineral  with  pinacoidal 
cleavage. 

(6)  Monocltnic  pyroxene.  In  the  best-preserved  specimens  there 
is  often  sufficiently  preserved  to  be  recognizable  a  considerable 
quantity  of  augite,  though  the  enstatite  predominate  over  it.  It  is 
often  altered  to  greenish  chloritic  products,  and  even  farther  to 
calcite. 

3.  Amphihole,  In  one  or  two  of  the  slides  there  is  pretty  cha- 
racteristic brown  dichroic  hornblende,  and  in  many  of  them  are 
elongated  and  basal  sections  which,  though  very  highly  altered,  must, 
from  their  outline,  be  referred  to  this  mineral. 

4.  Magnetite,  Tlmenite,  and  Hcematite^  are  all  of  them  present,  the 
second  probably  in  greatest  quantity,  in  distinct  crystals  generally 
of  a  fair  size  though  often  in  quite  minute  grains.  Haematite  is 
common  in  the  felspars  and  pyroxenes  where  the  rock  is  in  an 
exposed  situation,  and  tints  the  crystals  and  cracks  with  its  charac- 
teristic colour. 

6.  Black  mica  has  been  suspected  by  Prof.  Bonney  in  at  least  one 
of  the  slides,  but  it  is  evidently  a  rare  accessory. 

6.  Apatite  occurs,  too,  in  several  of  the  specimens,  in  dear  elon- 
gated needles,  and  is  evidently  a  product  of  early  consolidation. 

7.  There  are  many  alteration-products,  mostly  of  a  serpentinoas 
nature,  but  some  are  clear  and  bright  and  colourless. 

The  ground-mass  of  the  rock  is  a  close  felt  of  colourless  micro- 
liths  apparently  of  felspar  ;  it  breaks  up  into  a  pale  mosaic  between 
crossed  nicols ;  amongst  these  are  innumerable  opaque,  whitish  and 
greenish  bodies,  whose  presence  renders  it  exceedingly  difficult  to  say 
whether  the  base  has  any  glass  left  in  it.  I  have  been  unable,  afiM* 
the  most  minute  search,  to  detect  any  unindividualized  glass  in  the 
matrix,  though  in  a  few  base  inclusions  in  the  felspar  I  think  there 

*  W.  Cross,  loc.  cit.  p.  21. 

t  Teall,  Geol.  Mag.  dec.  ii.  toL  x.  p.  103. 

Waller,  ibid.  p.  291. 

Bonnej,  Qeol.  Mag.  dec.  iii.  toL  i.  p.  77. 
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is  a  little  still  left.  That  it  has  onoe  heen  a  glass,  I  think,  admits 
of  little  douht.  In  some  of  the  specimens  were  indications  of  flow- 
stniotore ;  out  of  this  magma  the  pyroxenes  appear  to  have  crystal- 
lized first,  and  then  the  felspars.  The  ayerage  sp.  gr.  of  the  rocks 
is  2-66. 

This  description  makes  it  pretty  evident  that  we  have  here  a  group 
of  andesites  of  that  type  hecoming  so  widely  known  now  as  hearing 
rhomhic  pyroxene.  This  partici^  group  appears  to  deserve  the 
name  of  enstatite-andesites,  or  some  might  prefer  to  call  them 
enstatite-porphyrites.  Prol  Bonney  says,  ^'  I  could  imagine  some  of 
the  lavas  I  have  from  the  Andes  getting  to  look  like  this  rock ;"  and 
the  resemhlance  hetween  their  structure  and  that  of  the  Eosenau 
andesites  is  most  marked. 

Most  of  them  are  undouhtedly  lava-fiows,  and  have  heen  denuded 
to  form  conglomerates,  the  pehhles  of  which  ohviously  consist  of 
this  rock,  and  the  microscope  completely  confirms  the  identification. 
The  ashy  matter  in  which  the  pehhles  are  imhedded  consists  of 
hroken  crystals,  like  those  in  the  andesite ;  and  the  Middletown  ash 
might  have  heen  formed  from  such  felspar  crystals  as  occur  in  it.  It 
is,  as  I  have  stated  hefore,  highly  prohahle  that  some  few  of  the 
hosses  of  rock  may  he  intrusive.  There  are  one  or  two  small  veins 
of  it,  too,  intruded  into  the  ash  of  Middletown  quarry. 

2.  Newer  Series. 

Belan  Bank,  two  hills  N.  and  S.  of  the  chapel  at  Bausley — the  latter 
connected  witii  Brimford  Wood  hy  dykes — Rodney's  Pillar  Hill,  the 
Criggan,  Foel  Coppice,  the  littie  Garreg  near  Trewem,  a  small 
rook  near  Gefn,  at  Buttington,  and  a  small  intrusion  on  Bulthey  Hill» 
are  all  composed  of  varieties  of  intrusive  igneous  rock. 

Macroscopically,  it  varies  from  dark  grey  rock,  in  which  there  are 
ohvious  crystals  of  pyroxene  and  felspar,  to  a  green  type,  in  which 
the  crystals  are  less  ohvious  and  more  decomposed.  One  rock  in 
Brimford  Wood  contains  a  much  elongated  variety  of  augite  and  large 
felspars,  so  that  it  looks  at  first  rather  like  a  gahhro.  Amygdaloids 
occur  commonly,  particularly  at  Bodney's  Pillar  Hill,  and  there  are 
similar  rocks  right  down  to  the  hase  of  the  hill,  which  I  examined 
in  the  company  of  Mr.  Silvester  and  some  others  of  my  students ; 
occasionally  the  vesicular  structure  is  deceptive  and  due  to  the  sur- 
face-weathering of  some  of  the  minerals ;  hut  in  all  the  massife  some 
true  amygdaloids  can  he  found.  The  rock  usually  weathers  hrown, 
and  is  divided  into  large  irregular  columns  on  the  summit  of  Bodney's 
Pillar  Hill.  The  varieties  group  themselves  under  three  main  heads, 
so  descriptions  of  specimens  from  a  few  typical  localities  will  give 
the  host  idea  of  the  structure  of  the  rocks. 

(a)  Bodney's  Pillar  Hill,  Criggan,  Belan  Bank,  and  Trewem. 
This  type  is  green  and  shows  lath-like  felspars  and  pyroxene ;  it  is 
granular  in  aspect,  and  there  is  not  the  ohvious  ground-mass  of  the 
andesites.  It  is  often  amygdaloidal,  the  kernels  consisting  of  caldte. 
The  rock  is  often  ophitic  in  structure,  hut  frequently  there  are 
spaces  hetween  the  minerals  occupied  hy  opacite,  apparently  an 

aJ.G.S.  No.164.  2a       ^  . 
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alteration-product.  There  are  often  two  generations  of  felBpar, 
larger  lath-shaped  porphyritic  crystals  and  small  miorolithB ;  both 
appear  to  be  labradorite,  though  they  are  a  good  deal  deoompoeed 
into  greyish  granular  products :  occasionally  there  are  indusions  of 
serpentine  in  the  felspar. 

The  Pyroxene  is  of  two  kinds.  Colourless  augiU  with  marked 
deavage-  and  growth-lines,  often  twinned,  occurs  in  large  and  small 
irregular  grains  polarizing  with  bright  colours  and  giving  the  usual 
high  extinction-angle  of  augite ;  it  fits  in  between  tiie  ottier  constir 
tuents.  Grains  of  rhombic  pyroxene  are  also  present  in  great 
quantity,  though  generally  much  decomposed ;  it  is  green,  fibrous, 
and  dichroic,  changing  from  full  green  to  light  straw-yeUow,  and 
with  one  marked  deavage,  so  that  it  is  the  mineral  tjiat  charao- 
terizes  the  andesites,  namely,  enstatite.  It  is  altered  generally  into 
brownish  fibrous  matter,  and  still  further  into  a  mass  of  serpentine. 
The  enstatite  is  present  in  much  greater  quantity  than  the  augite. 

Many  scattered  grains  and  crystals  of  magnetiU  and  ilmmiU  are 
present,  having  evidently  consolidated  first,  followed  by  the  felspar, 
and  that  by  pyroxenes,  of  which  the  enstatite  probably  solidified 
earlier  than  the  augite.  A  highly  altered  form  of  this  type  presents 
the  same  characters,  while  the  augite  remains  unaltered ;  the  serpen- 
tinous  products  in  shape  and  structure  suggest  the  form  of  enstatite 
rather  than  that  of  olivine  ;  opacite  occupies  the  spaces  between  tiie 
crystals.  A  good  deal  of  calcite  is  present  in  some  of  them,  in- 
vaiding  the  serpentine  first  and  then  tiie  febpar. 

The  average  sp.  gr.  of  the  rock  is  2*7.  It  must  be  called  an  ensta- 
tite-diabase  or  dolerite. 

(6)  Hills  N.  and  S.  of  the  Chapd  in  Bausley  village.  This  is  the 
dark-grey  variety  showing  large  distinctly  twinned  felspaiB  and 
obvious  pyroxene.  It  looks  mudi  like  the  Whin-Sill  diabase,  but  the 
resemblance  disappears  under  the  microscope,  which  also  reveals  that 
a  greater  change  has  taken  place  in  the  rock  than  would  be  suspected. 
The  structure  of  the  rock  is  generally  ophitic,  the  two  prindpal 
ingredients  being  closely  crystallized  together ;  but  occasionaJly  there 
are  felspar  microliths  or  opadte  between  the  crystals.  There  is  an 
unusuaUy  large  proportion  of  plagicelase  in  lai^  crystals,  but  the 
pyroxene  is  sdmost  unrecognizable ;  I  think,  however,  I  make  out  a 
little  augite,  and  there  are  the  usual  serpentinous  replaoements  whidi 
suggest  the  presence  of  emtatite,  though  often  the  grains  are  edged 
with  calcite.  The  serpentine  fibres  are  arranged  in  Httle  radiating 
groups,  and  opaque  whitish  stuff  often  occurs  between  the  crystals, 
probably  an  alteration-product.    The  sp.  gr.  of  this  rook  is  2*697. 

(c)  A  variety  appears  in  Brimford  Wood,  apparently  in  segregation- 
veins,  which  is  rather  different  from  the  other  types.  The  structure 
is  ophitic,  large  crystals  of  three  minerals  having  formed  together. 
The  felspar  is  much  decomposed,  but  is  evidentiy  plagiodase,  the 
augite  in  large  dear  colourless  crystals,  and  there  is  a  seipentinous 
mineral  in  great  quantity  which  might  be  a  replacement  of  olivine 
or  enstatite,  but  Prof.  Bonney,  who  has  seen  the  slide,  thinks  proba- 
bly the  former,  and  mentions  rocks  from  North  Wides  rather  like 
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this  ODO.  Where  thrust  in  thin  dykes  into  the  shales,  large  felspars 
are  still  visible,  but  they  are  set  in  a  miorocrystalline  matrix  com- 
posed of  small  felspar  crystals  and  calcite,  which  latter  has  taken  the 
place  of  all  but  the  felspar,  and  eyen  attacked  that.  This  rock  is 
either  an  enstatite  or  olivine  diabase. 

These  rocks  are  all  intrusive  into  the  Criggion  shales  surrounding 
them,  and  evidence  of  this  is  abundant  throughout  the  district.  On  a 
small  branch  of  Belleisle  Brook  the  subjoined  section  (fig.  5)  shows  the 

Fig.  6. — Section  in  small  tributary  of  Belleisle  Brook. 
(Length  15  feet.) 


B.  Diabase  intniBive  in  shale,  S'. 

S".  Fragment  of  shale  caught  in  diabase. 

intrusion  of  diabase,  and  at  least  two  other  distinct  veins  of  it  have 
been  found  in  other  parts  of  this  brook  and  its  tributaries,  connecting 
the  Brimford  Wood  with  the  northern  massifs.  Then,  again,  the 
actual  contact  is  seen  to  the  west  of  the  Criggan,  where  the  diabase 
alters  the  shales  very  considerably  at  contact.  A  thin  section  of 
shale  taken  from  this  spot  shows  a  development  of  small  scales  of 
white  mica  and  of  greenish  brown  dichroic  mica  parallel  to  the 
lamination;  but  the  most  interesting  feature  is  the  incipient  breccia- 
tion  of  the  rock  by  a  number  of  minute  faults  evidently  caused  by 
the  violence  of  intrusion.  The  faults  vary  in  throw  from  '2  to  '03 
inch,  and  some  of  the  very  smallest  may  be  as  little  as  *006  inch  in 
throw ;  most  of  them  are  normal,  but  the  largest  and  a  few  others 
are  reversed — I  count  14  of  them  in  a  specimen  2  inches  long.  On 
the  S.E.  side  similar  hardening  takes  place,  the  shales  often  being 
burnt  red ;  but  I  cannot  recognize  any  secondary  crystallization.  At 
Trewem  and  round  Eodney's  Pillar  Hill  the  shales  are  also  much 
contorted  and  hardened  near  the  junction ;  in  the  quarry  near  But- 
tington  station  sand-beds  are  converted  into  quartzite. 

As  to  the  age  of  the  diabases,  we  cannot  do  much  more  than  con- 
jecture. In  no  place  do  they  actually  traverse  Silurian  rocks,  but 
near  Buttington  the  later  rodks  are  as  remarkably  disturbed  as  the 
Cambrian,  and  I  trace  this  disturbance  to  the  ijitrusion  of  igneous  rook. 
If  they  are  really  post-Silurian  it  is  very  difficult  to  assign  their 
exact  age ;  for  in  this  part  of  the  country  most  of  the  post-Silurian 
Igneous  rocks  are  later  than  early  Carboniferous,  and  are  dolerites 
much  less  altered  than  these,  and  with  a  different  mineral  composition 
and  structure.    It  is  of  course  possible  that  they  may  belong  to  the 
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Old  Eed  Sandstone  period ;  but  such  rocks  are  absent  from  central 
England.  There  is  one  area  which  may  afford  some  cine  to  this 
question,  and  that  is  the  N.W.  comer  of  the  Comdon  district,  where 
similar  diabases  break  through  Cambrian  and  Silurian  rocks.  I 
have  already  begun  to  work  there  with  the  object  of  determining 
this  point  amongst  others,  but  have  not  yet  arriyed  at  any  suffi- 
ciently definite  results. 

DiscuBsioir. 

Prof.  T.  RuPEBT  Jones,  while  thanking  the  author  of  the  paper, 
suggested  that  he  should  refer  to  the  seyeral  groups  of  strata 
rather  than  use  the  names  Cambrian  and  Silurian,  the  a;^- 
cation  of  which  is  uncertain.  Ayoiding  that  subject,  he  wished  to 
ask  about  the  nodular  trap-rock  on  the  Shrewsbury  road  at  the  foot 
of  the  Breidden. 

Mr.  Cole  had  examined  the  Comdon  masses  and  found  a  striking 
similarity  between  them  and  the  rocks  described  by  the  author. 
He  had  himself  found  enstatite  in  the  Comdon  rocks,  among 
which  were  probably  some  andesitic  glasses. 

Mr.  Teall  congratulated  the  author  on  his  yaluable  paper.  He 
would  like  to  see  some  agreement  as  to  the  use  of  the  terms  ande- 
site  and  porphyrite.  Most  of  the  so-called  porphyrites  that  he  had 
examined  were  merely  altered  andesites,  and  he  was  at  present  in- 
clined to  use  the  term  in  this  sense.  If  this  view  were  adopted,  then 
the  interbedded  igneous  rocks  described  by  the  author  would  have 
to  be  called  porphyrites.  This,  howoTer,  was  a  yery  tririal 
criticism.  The  intrusive  enstatite  diabases  were  probably  very 
similar  in  chemical  composition  to  the  altered  andesites. 

The  Atjthob  said  that  he  had  endeavoured  to  avoid  the  difficulties 
about  understanding  the  sense  in  which ''  Cambrian  "  and  ^'  Silurian' 
were  employed,  by  using  local  names  for  the  several  rocks.  He 
thought  itie  term  porphyrite  might  be  restricted  to  certain  dasses  of 
altered  andesites. 
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41.  On  the  Cobbblations  of  the  *'  Citbiositt-Shop  Bed  "  in  Cajsttbb- 
BXJBT,  New  Zbalaj^d.  By  Captain  F.  W.  Huttoh,  r.G.S. 
(Bead  June  24, 1885.) 

Tub  Biyer  Bakaia,  after  leaying  the  mountams,  flows  in  a  sonth- 
east  direcfcioD  across  the  Canterbury  Plains.  In  catting  its  way 
down  through  the  shingles  and  silts  of  these  plains,  it  has  come 
across  and  exposed  on  its  left  bank  a  small  patch  of  calcareous  and 
arenaceous  rocks,  which  are  so  full  of  fossils  as  to  have  giyen  the 
name  "  Curiosity-Bhop  "  to  the  locality.  It  is  situated  between  five 
and  six  nules  below  the  bridge  over  the  Bakaia  Goi^. 

I  visited  the  Curiosity-Shop  in  February  1873,  and  made  the 
accompanying  section  (fig.  1).  All  the  exposed  beds  dip  20°  E.S.E., 
and  they  appeared  to  me  to  belong  to  a  single  series. 

Fig.  1. — CuriosityShop  oniheleft  himk  cf  the  Bakona  River. 
(Length  about  40  yards.) 

N.W.  8JI, 




i^^^ 

^^fiv^:T7- 

IoO%^|L/.*«V/:>>^^^^^^^ 

y^K^^/z'ifesv' '****•*' ••Hi^''*  • 

4^  \      aT               ' 

1.  Biver  gravelB :  the  upper  part  coarse  shingle;  the  lower  yellow  sand  and 

imair  shingle. 

2.  Orey  soft  sandstone. 

3  and  4.  Oalcareous  sandstone,  with  green  grains  in  the  upper  part,  with  ir- 
regular layers  and  pockets  of  day  in  the  middle  portion.    (Fossils.) 
5.  Brown  soft  sandstone. 

Mr.  A.  M^Kay,  of  the  G^logical  Surrey,  has  given  a  detailed 
description  of  these  beds  *,  which  I  haye  embodied  in  the  following 
Table :— 

1.  Biyer-grayels. 

Pareora  Series. 

2.  Loose  grey  quartz  sands,  15  feet  thick,  with  a  bed  of  badly 

preserved  shells. 

Upper  Eocene  Series. 

3.  Soft  calcareous  sandstone,  10  or  12  feet  thick ;  in  the 

upper  part  highly  chaiged  with  glauconite;   passing 
downwards  into  irregular  beds  of  tuf aceous  clay. 

*  Beports  of  Qeological  Bxplorations,  1879-80,  p.  77. 
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Cretaceo-Tertiary  Series. 

4.  Calcareous  sandstone  without  glauconite  grains. 

5.  Loose  grey  or  yellowish-brown  sands ;  35  feet  thick. 

Nos.  2  and  5  are  much  obscured  by  shingle-slips  from  the  \a^ 
river-bank. 

The  upper  part  of  No.  3  is  the  principal  horizon  for  fossils, 
although  they  are  also  found  in  No.  4.  A  list  of  the  fossils  obtained 
by  Mr.  M^Kay  is  given  in  his  Eeport,  in  which  he  remarks  that  ^^  all 
the  shells  and  other  fossils  collected  come  from  the  highest  of  the 
upper  calcareous  rocks  (No.  3).  The  overlying  loose  sands  have 
been  removed  from  an  area  some  30  feet  in  length  by  10  feet  broad, 
and  on  this  surface  a  great  number  of  the  smaller  shells  &o.  were 
picked  up.  Collecting  these,  I  next  turned  over  a  oonsiderable 
amount  of  the  soft  imderlying  rock,  and  in  this  I  obtained  many 
species,  which,  in  weathering  out,  suffered  so  much  damage  that,  as 
weathered  specimens,  they  were  not  worthy  preserving.  Witii  the 
exception  of  Lima  IcBvigata,  the  lower  foauliferous  beds  (No.  4) 
appear  to  differ  mainly  in  the  absence  from  them  of  many  of  the 
forms  found  in  the  higher  beds  ;  and  the  fossils  in  this  lower  part 
of  the  calcareous  rocks  being  difficult  of  extraction,  I  contented 
myself  with  those  more  easily  obtained  from  the  higher  beds  "  (I.  c 
p.  80).  In  the  Canterbury  Museum,  however,  there  are  specimens 
of  Lima  lasvigata  from  the  glauconitic  limestone  (No.  3),  and  so  it 
seems  that  No.  4  has  not  a  single  fossil  which  is  not  found  in  No.  3. 
Consequently  there  can  be  no  palsBontological  reason  for  putting 
these  beds  into  different  systems. 

Mr.  WKafa  reasons  for  dividing  the  beds  are  the  following : — 
He  considers  the  lower  sands  (No.  5),  from  their  appearance,  to  be 
the  same  as  certain  sands  in  the  Malvern  Hills,  which  are  striking 
in  the  direction  of  the  Curiosity-Shop,  but  are  some  four  or  five 
miles  distant.  These  sands  in  the  Malvern  TTi11«  form  the  upper 
part  of  the  coal-measures,  and  are  generally  acknowledged  to 
belong  to  the  Waipara  System.  Mr.  M^Kay  then  points  out  that  the 
sands  in  the  Malvern  Hills  are  covered  by  anamesites,  whidi, 
according  to  Dr.  von  Haast,  are  identical  with  anamesites  inter- 
bedded  with  the  '^  Weka-pass  limestone  **  at  Timaru,  60  miles  to  the 
south.  *^  With  this,"  he  says,  ''  the  unavoidable  conclusion  as  far 
as  the  sandy  beds  are  concerned,  I  cannot  but  agree,  and  am  Uiere- 
fore  bound  to  consider  the  lower  sands  at  the  Curiosity-Shop  as 
belonging  to  some  part  of  the  Cretaceo-Tertiary  series  "  (I.  e.  p.  78). 
The  upper  cslcareous  bed  (No.  3)  he  considers,  from  its  fossils,  **  to 
belong  to  the  '  Hutchinson's-Quarry  beds,'  or  the  Mount-Brown 
limestone,  the  higher  beds  of  the  section  being  referred  to  the 
Pareora  formation,  which  everywhere  succeeds  with  apparent  oco- 
formity."  And  so  he  advances  to  this  conclusion : — '^  There  is  a 
necessity  for  having  an  unconformity  somewhere  in  this  section, 
since  it  cannot  be  supposed,  with  the  evidence  to  the  contrary  which 
has  already  been  adduced,  that  the  Pareora  beds  are  conformaUe 
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to  the  lower  beds  of  the  Cretaceo-Tertiary  eeriest.  It  remains, 
therefore,  that  the  unconformity  must  be  placed  either  below  the 
limestones  and  calcareous  greensands  altogether,  or — where  I  indine 
to  put  it — ^between  the  upper  and  lower  parte  of  this  division.'' 
Accordingly  in  his  section  he  shows  No.  3  quite  unconformable  to 
No.  4. 

I  have  given  Mr.  McKay's  argument  as  fairly  as  I  can ;  but  it  will 
be  unnecessary  to  criticise  it,  although  it  is  &vourably  noticed  by 
Dr.  Hector  (I.  c.  p.  xvii).  I  have  mentioned  it  to  show  how  slight 
is  the  foundation  for  introducing  an  unconformity  into  this  section, 
which  is  published  by  the  Survey,  and  reproduced  by  Dr.  Hector  in 
his  Progress  Report.  As  the  fossiliferous  bed,  No.  3,  is  allowed  by 
Mr.  M«Kay  and  by  Dr.  Hector  (*  Geological  Reports,'  1883-4,  p.  xiii) 
to  belong  to  the  Oamaru  series,  it  does  not  matter  for  my  present 
argument  what  age  the  underlying  beds  are  supposed  to  be  of.  My 
object  is  to  attempt  to  correlate  bed  No.  3  with  other  rocks  in 
Canterbury  and  Otago.  Through  the  kindness  of  Dr.  von  Haast,  I 
have  been  aUowed  to  examine  all  the  Tertiary  New  Zealand  fossils 
in  the  Canterbury  Museum,  and  consequently  I  am  in  a  position  to 
make  a  more  complete  list  of  the  Curiosity-Shop  fossils  than  has 
hitherto  been  given,  and  to  add  several  species  to  the  list  from  the 
Weka-pass  stone.  Dr.  Hector  has  also  allowed  me  to  examine  the 
Ototara  fossils  in  the  Wellington  Museum,  so  that  I  can  now  give  a 
tolerably  correct  list  of  them  also. 

List  op  Possils  fbom  the  Cubiositt-Shop. 

*  Species  marked  with  an  asterisk  are  also  found  in  rocks  recog- 
nized as  Cretaceo-Tertdaiy  by  Dr.  Hector  in  Geol.  Reports, 
1881,  p.  118,  xc-vi.  h. 

YsBTEBBiLTA. 

^Pajlseudtpibs  AirTABoncirs,  Huxley,  Quart.  Joum.  Geol.  Soc. 
1869,  p.  670. 
These  specimens  have  been  determined  by  Dr.  Hector  (Geol. 
Reports,  1879-80,  p.  xvi) ;  also  found  in  the  Ototara  building- 
stone  ;  at  Brighton  on  the  west  coast ;  and  at  the  horizon  of  the 
Weka-pass  stone  at  Amuri  Bluff. 
^Cabchabodoit  AKexTSTinENs,  Agassiz,  Poiss.  Foss.  vol.  3. 

Pound  also  in  the  Weka-pass  stone ;  in  the  Waihao  limestone  ; 
and  in  the  neighbourhood  of  Oamaru,  the  exact  locality  not  known. 

MOLLTJSCA. 

SiPHONAUA  niLATATA,  Quoy  and  Gaimard  (Fums),  Voy.  *  Astrolabe,' 
Zool.  ii.  p.  498,  pi.  34,  f.  16, 16. 
Reported  by  Mr.  M*Kay.    I  have  seen  no  specimens.     This 
species  is  stiU  living,  and  extends  through  the  Wanganui  and 
Pareora  systems. 

t  Qp.ci^.  p.  80. 
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*AwciLLARiA  ATTBTHALiB,  Sow. ;  Eeevo,  Oonch.  Icon,  t  7. 

Beported  by  Mr.  M^Kay.  I  have  seen  no  specimens.  This 
Bpecies  is  still  living,  and  extends  through  the  Wanganni  and 
Pareora  systems.  According  to  Mr.  M^Kay  it  is  also  fonnd  in  the 
Cretaceo-Tertiary  beds  at  TreUssic  Basin  (GkoL  Beports,  1879-80, 
p.  70). 

*VoLUTA  PACiFiCA,  Lamarck ;  Quoy  and  Gaimard,  Voy.  *  Astrolabe,' 
Zool.  ii.  p.  625,  pi.  44,  f.  6. 
Ueported  by  Mr.  M'Kay.  I  have  seen  no  specimens.  This 
species  is  still  living,  and  extends  through  the  Wanganni,  the 
Pareora,  and  the  Oamuru  systems.  It  is  also  found  in  the  W^a- 
pasB  stone,  in  the  Ototara  limestone,  and  at  Cavenham,  in  rocks 
considered  as  Cretaceo-Tertiary  by  Dr.  Hector. 

♦MAKGDnsLLA  DUBiA,  Huttou,  Cat.  Tertiary  MoU.  of  N.  Z.  1873, 
p.  8. 
Eeported  by  Mr.  M^Eay.    Also  found  in  the  Cretaceo-Tertiary 
rocks  of  Trelissic  Basin  (I,  e,  p.  70). 

♦Cassis  bbnex,  Hutton.  Cat  Tertiary  Moll,  of  N.  Z.  1873,  p.  11 
(Struthiolaria), 

Better  specimens  have  enabled  me  to  refer  this  shell  to  its  true 
genus.  It  is  also  found  at  Caversham  and  in  the  Weka-pasa  stone ; 
also  in  the  Hutchinson's-Quarry  beds  at  Oamaru ;  and  in  the  Pareora 
system  at  Pareora. 

Natica  solida,  Sow.  in  Darwin's  GeoL  Obs.  in  S.  America,  p.  225. 

Found  commonly  in  the  Pareora  system ;  in  the  Otakaika  lime- 
stone, and,  according  to  Mr.  M^Kay,  in  the  Upper  Eocene,  and 
doubtfully  in  the  Cretaceo-Tertiary  rocks  of  Trelissic  Basin. 

I  doubt  this  being  Sowerby's  species. 

♦TuBBHELLA  oioANTBA,  Hutton,  Cat.  Tertiary  Moll,  of  N.  Z.  1873, 
p.  12. 

Beported  by  Mr.  M^Kay.  It  is  also  found  at  Caversham,  and  in 
the  Pareora  system  at  Pareora. 

♦SoALAKiA  LTRATA,  Zittol,  Eeiso  doT  *  Novara,'  GeoL  iL  p,  41. 

Also  found  in  the  Weka-pass  stone ;  in  the  Ototara  stone ;  at 
Aotea,  and  at  Port  Waikato.  I  do  not  see  how  this  species  is  to  be 
distinguished  from  S.  rugulosa.  Sow.,  from  Chili. 

♦SoALABiA  Bbowki,  Zittol,  I.  €.  p.  42. 

Found  also  at  Brighton  on  the  west  coast ;  at  Aotea ;  and  in  the 
Pareora  system  at  White-Eock  Eiver.  No  doubt  it  is  a  variety  of 
the  last  species. 

ScALAEiA  MABonrATA,  Huttou,  Traus.  N.  Z.  Institute,  voL  xviL  1885. 
A  well-marked  species  that  has  not  been  found  elsewhere. 


Digitized  by  LjOOQ IC 


"  OTTBIOBITT-fiHOP  BID  "  IN  OAHTKBBtrBY,  NEW  ZB4LAKD.         ^1 


*TsOGHiLA  HBOZELitHioA,  Lesson,  Yoj.  ^  Ooquilie/  Zool.  ii.jp. 

T.  macuiata^  Eeeve,  Conoh.  loon.  f.  15. 

Reported  by  Mr.  M'Kay.  This  species  is  still  living,  and  extends 
through  the  Wanganni  and  Fareora  systems;  and,  according  to 
Mr.  M^Eay,  is  also  found  in  the  Gretaceo-Tertiary  rook  of  Trelissic 
Basin. 

Debtaiiux  eroAiTTSini,  Hutton,  Cat.  Tertiary  MolL  of  N.  Z.  1873, 
p.  2. 

Bepotted  by  Mr.  M^Kay.  Pound  also  in  other  places  in  the 
Oamaru  and  Paredra  systems. 

•Teredo  (?)  Hbaphti,  Zittel,  Reise  der  *l^ovajfa,'  GeoL  ii.  p.  '45, 
taf.  xiv.  f.  4. 

Cladopora  directa,  Hutton,  Trans.  N.  Z.  Inst.  voL  iz.  p.  597. 
Also  occurs  in  the  Waihao  greensands,  and  at  other  places  in  the 
Oamuru  and  Pareora  systems. 

♦PAiroPiBA  ORBHA,  Hutton. 

P.  plieata,  Hutton,  Cat.  Tertiary  Moll,  of  N.  Z.  1873,  p,  17  (not 
of  Sowerby). 

Reported  by  Mr.  M^Kay.  Found  also  at  Raglan,  and  in  several 
localities  in  the  Pareora  system.  According  to  Mr.  M*Kay  it  occurs 
in  the  Upper  Eocene  and  Gretaceo-Tertiary  rocks  in  Trelissic  Basin. 

LxjciKA  DEWTATA,  Wood,  Gcu.  Conch.  p.  195,  pL  46.  t  7. 

Reported  by  Mr.  M^Kay.  This  species  is  still  living,  and  extends 
through  the  Wanganui,  Pareora,  and  Oamaru  systems. 

Mtsia  olobttlabis,  Lamarck,  Anim.  sans  Yert.  vL  p.  231. 

Reported  by  Mr.  M^Kay.  This  species  is  still  living,  and  has 
not  been  found  elsewhere  in  rocks  older  than  the  Wanganui  system. 

Cbassatblla  obbsa,  Adams,  Proc.  Zool.  Soc  1852,  p.  90. 

a  TraUli,  Hutton,  Cat.  Tertiary  Moll,  of  N.  Z.  p.  24. 

This  species  is  still  living,  but  has  only  been  found  in  rocks 
belonging  to  the  Pareora  system. 

♦CrouLiuBA  ALTA,  Sow.  in  Darwin's  GeoL  Obs.  in  S.  America, 
p.  252. 

Found  also  at  Xakanui  and  Raglan,  and  in  many  places  in  the 
Pareora  system. 

♦Pecten  WnxTAMsoNi,  Zittel,  Reise  der  '  Novara,'  Geol.  ii.  p.  50, 
pL  ix.  f.  11. 

Found  also  in  the  Weka-pass  stone,  at  Aotea,  Raglan,  and  on  the 
coast  south  of  Port  Waikato.  This  may  be  the  P.  gemmulcihu^ 
Reeve,  mentioned  by  Mr.  M^Kay. 
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^PEciEir  OHATHAJCENSis,  Huttoii,  Cat.  Tertiary  Moll,  of  N.  Z,  p.  29. 

Reported  by  Mr.  M^ay.  Poiind  also  on  the  east  coast  of  Wel- 
lington, in  Pareora  rocks;  and  according  to  Mr.  M^Eay,  in  the 
Upper  Eocene  and  Cretaceo-Tertiary  rooks  of  the  Trelissic  Basin. 

♦Pectbn  Hochbtbttebi,  Zittel,  Eeise  der  '  Novara/  GeoL  iL  p.  50, 
pi.  zi.  1  5  a. 

Found  also  in  the  Weka-pass  stone ;  in  the  Ototara  sbofDe ;  at 
Caversham ;  Point  Elizabeth ;  Aotea ;  Raglan,  and  coast  to  the 
north.    Also  in  the  Pareora  system  at  Waikari  and  Motanao. 

•Pbotek  Htjtohinsoni,  Hntton,  Cat.  Tertiary  Moll,  of  N.  Z.  p.  31. 

Pound  also  in  the  Weka-pass  stone ;  at  Kakanui,  and  in  several 
places  in  rocks  belonging  to  the  Oamaru  system.  Also,  according 
to  Mr.  M^Eay,  in  the  Upper  Eocene  and  Gretaceo-Tertiary  rocks  in 
the  Trelissic  Basin. 

♦LncA  L^YiGAiA,  Hutton,  op.  cU.  p.  33. 

Reported  by  Mr.  M^Kay.  Pound  also  in  the  Cobden  limestone ; 
at  Waihola  gorge  in  Otago ;  at  the  Heathstock-Road  Quarry  in  the 
Weka-pass  stone ;  and  in  the  Mount-Somers  building-stone. 

LXMA  PAT7CIBT7LCATA,  HuttoU^  Op.  CtL  p.  33. 

Reported  by  Mr.  M^Kay.    Pound  also  at  Cape  ParewelL 

Lima  paleata,  op.  cU.  p.  33. 

Found  also  in  the  Ototara  stone,  and  the  Mount-Somers  building- 
stone. 

Lima  MULTiBAniATA,  op.  eit.  p.  33. 

Probably  a  yariety  of  the  last.    Not  known  elsewhere. 

Lima  osassa  (?),  Hutton,  op.  cU.  p.  33. 

Reported  doubtfully  by  Mr.  M^Kay.  This  species  is  perhaps  the 
same  as  the  recent  L.  neozelandiea^  Sow.  (P.  Z.  S.  1876,  p.  754). 
It  is  found  in  several  localities  in  the  Pareora  system. 

BKAomoponA. 

Tkbebbatula  ALDiNeiE,  Tato,  Trans.  Phil.  Soo.  of  Adelaide,  1880, 
p.  5,  pi.  X.  f.  2. 

Not  known  from  any  other  locality  in  New  Zealand. 

♦Waldhbimia  LEiruoTTLABis,  Doshayos,  Mag.  Zool.  1841,  t.  41. 

A  living  species  extending  through  the  Wanganui,  Pareora,  and 
Oamuru  systems.  Found  aJso  in  the  Weka-pass  stone,  and  in  the 
Waihao  limestone. 

*Waij>hbimia  TRiAireuLABis,  Hutton,  Cat.  Tertiary  MoU.  of  N.  Z. 
p.  36. 

Reported  by  Mr.  M^Kay.  Found  also  in  the  Weka-pass  stone^ 
and  in  various  places  in  the  Oamarti  and  Pareora  systems. 
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♦Waldhehoa  PATAeoinoAy  Sow.  in  Darwin's  Geol.   Obs.  in  8. 
America^  p.  252. 

Found  also  in  the  Cobden  limestone,  and  in  yarious  places  in  the 
Oamara  and  Pareora  systems. 

*?Tbbxbbatella.  BDnoTATA,  Hutton,  Cat.  Tertiaiy  MolL  of  N.  Z.  p.  36. 

Found  also  in  the  lower  beds  in  the  Trelissic  Basin,  and  the  Upper 
Eocene  beds  at  Oamaru. 

*Teebbbatblla  Gaulibbi,  Morris,  Quart.  Joum.  Oteol.  Soc.  1850, 
Ti.  p.  329. 

Found  also  in  the  Ototara  stone,  and  at  Raglan. 

•TsREBRATELLA  SvESsi,  Huttou,  Gat.  Tertiary  MoU.  of  N.  Z.  p.  37. 

TerebratdUiy  sp.,  Siiss,  Eeise  der  *  Novara,'  Gteol.  ii.  p.  57,  taf.  ix. 
f.  6. 

Found  also  in  the  Gretaceo-Tertiary  rocks  of  the  Trelissic  Basih 
(M'K.ay). 

Terbbratella  FUHCULiJfEBA  (?),  Tate,  Trans.  Phil.  Soc.  of  Adelaide, 
1880,  p.  22,  pi.  xi.  f.  7. 
Not  known  elsewhere  in  New  Zealand. 

Rhtechoeella  eigbioaes,  Sow.  Thee.  Conch.  L  p.  342. 

A  still  living  species  extending  through  the  Wanganui,  Pareora, 
and  Oamaru  systems. 

^Rhteohoeella  8QXTA1C0SA,  Huttou,  Cat.  Tertiary  Moll,  of  N.  Z. 
p.  37;  Tate,  Z.  <j.  pi.  ix.  f.  9. 

B.  nigricans,  yhx.  pyxidata,  Davidson,  Voyage  of  the  '  Challenger,' 
ZooL  i.  p.  59. 

A  living  species  found  also  in  the  Gretaceo-Tertiary  rocks  of  the 
Trelissic  Basin  (M^^Kay). 

EOHIEOnBBlCAIA. 

Peetaobietts  stellatits,  Hutton,  Cat.  Tertiary  Moll.  &  Echin.  of 
N.  Z.  1873,  p.  38. 

Found  also  at  the  Chatham  Islands. 

^ClDABIS  STRIATA,  HuttoU,  I.  C,  p.  38. 

Found  also  at  Brighton  on  the  west  coast. 

*EcHiETTs  Eetsh,  Huttou,  h  c.  p.  39. 

Also  found,  according  to  Mr.  M«Kay,  in  the  Upper  Eocene  and 
Gretaceo-Tertiary  rocks  of  Trelissic  Basin. 

LovEEiA  EOBMosA,  Zittcl,  Reisc  der  ^  Novara,'  Geol.  ii.  p.  63,  pi.  xiL 
f.2. 
Also  found  in  several  localities  in  Upper  Eocene  rocks.     Probably 
not  specifically  distinct  from  L.  tubereulata  and  L,  Farbesii. 
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Hbmiastbb  (?)  poBiTTjs,  Hutton,  I,  c.  p.  42. 
Not  known  from  any  other  locality. 

♦Mboma.  (?)  Crawfordi,  Hutton,  I.  c.  p.  42. 

AIbo  found  in  the  Weka-pass  stone ;  the  Ototara  stone ;  Caver- 
sham ;  Maerewhenua  limestone,  and  many  other  places.  Much  like 
Megalaster  compressus,  Duncan  (Quart.  Joum.  GeoL  Soc.  1877,  TTxiii. 
p.  61),  which  is  the  same  as  Pericosmus  compressxu  of  M*Coy. 

MbOMA  (?)  TUBERCULATA,  HuttoU,  L  C.  p.  43. 

Eeported  by  Mr.  M^Kay.  Also  found  in  the  Upper  Eocene  beds 
at  Trelissic  Basin. 

Bbtozoa. 

Selenaria  HEMISPH2RICA,  Busk,  MS.  (?). 

Woods,  Geol.  Obs.  in  S.  Australia,  p.  73,  pL  '  Foesil  Bryosoa,' 
£.  3.  Eeferred  with  doubt,  as  no  specimens  have  been  oompttred. 
Our  species  is  also  found  in  the  Upper  Eocene  rocks  of  Mount 
Brown. 

C(ELEI9^CBRATA« 

♦Graphtjlaria  (?)  BENESOEKs,  Tato,  Quart.  Joum.  GeoL  Soc.  voL 
zxxiii.  p.  257. 

Pound  also  in  the  limestones  of  Oti^aika,  Maerewhenua,  and 
Waihao.  Identified  by  Dr.  Hector  after  comparison  with  S.  Aus- 
tralian specimens  (Geol.  Eeports,  1881,  p.  xxix) ;  he  considers  them, 
however,  to  be  spines  of  Cidaris, 

This  list  contains  48  species,  of  which  29  or  30,  including  both 
the  yertebrates,  are  also  found  in  rocks  regarded  as  Cretaoeo-Ter- 
tiary  by  the  Geological  Survey.  Also  22  species  are  found  in  the 
Fareora  system  or  later,  of  which  14  are  also  found  in  the  Cretfr- 
ceo-Tertiary  series.  There  are  10  or  11  species  not  found  either  in 
the  Cretaceo-Tertiary  or  in  the  Fareora.  The  Curiosity-Shop  beds 
are  therefore  more  closely  related  palffiontologically  to  the  Cretaoeo- 
Tertiaiy  than  to  the  Fareora,  while  the  number  of  peculiar  species  is 
not  sufficient  to  make  them  stand  separately  as  an  Upper  Eocene 
system.  I  will  now,  therefore,  take  some  other  localities  of  Cretaoeo- 
Tertiary  rocks  for  comparison. 

List  of  Fossils  from  the  Wsjca-pass  Stoke,  North  CAjiTBEBiniT. 

*  Spedes  marked  with  an  asterisk  are  also  found  in  the  Guriodty- 
Shop  beds,  or  in  acknowledged  Upper  Eocene  rocks,  or  younger. 

Yertbbrata. 

GbTAGBAJT  B0HB8. 

^Falaeudtttes  AKTARcncxrs,  Huxley.    At  Anxuri  Bla£ 
^Garoharodoh  anoustidens,  Ag. 
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Atubia  ziczao,  var.  axtstbaiis,  M'Coy,  Frodr.  Pateont  Victoria, 
Decade  ii.  p.  21,  pi.  xxiv. 

Found  also  in  the  Xakanoi  limestone,  and  at  Waihemo  in  the 
Shag  Yallej,  Otago. 

♦VoLtTTA  PAciFiCA,  Lamarck. 
Yar.  elangata,  Swainson. 

♦VOLTJTA  AITENTTATA,  Hutton. 

F.  eUmgata,  Hutton,  Cat.  Tertiary  Moll,  of  N.  Z.  1873,  p.  7  (not 
of  Bwainson). 

Pound  also  in  the  Pareora  Bystem  at  Pareora,  and,  according  to 
Mr.  M^Kay,  in  the  Cretaceo-Tertiary  series  at  Trelissic  Basin. 

^Cassis  ssniz,  Hntton. 

ScALABiA  ROTUNDA,  Hutton,  Cat.  Tertiary  Moll,  of  N.  Z.  1873,  p.  10. 

Found  also  at  Brighton,  on  the  West  Coast,  associated  with  bones 
of  PcUatiuiyptes  antareticus  and  Turtle. 

*S0AI.ABIA  LTBATA,  Zittol. 

♦Plsubotomakia  tebtiabia,  MK/oy,  Prodr.  Pakeont.  Vict.,  Decade 
iii.  p.  23,  pi.  XXV.  f.  1. 

Found  also  in  the  Ototara  stone,  and  in  the  Upper  Eocene  lime- 
stone of  Mt.  Somers. 

♦Pbotkn  Williamsoni,  ZitteL 

*PxciSN  FisGHSBi,  Zittel,  Eeise  der  '  Novara,'  Geol.  ii  p.  53,  pL  iz. 
f.  1,2. 

Found  also  in  the  Ototara  stone,  and,  according  to  Mr.  M'Kay, 
in  the  Upper  Eocene  rocks  of  Trelissic  Basin. 

*Pbctbn  HxnoHnrsoNi,  Hutton. 

PxoTEN  Beethami,  var.  /J,  Hutton,  Cat.  Tertiary  MolL  of  N.  Z. 
p.  32. 

Found  also  near  Caversham,  near  Dunedin. 

^PSCTBN  HOCHSTEITEBI,  ZittoL 

*Ijma  LATieAiA,  Hutton. 

Bbachiopoda. 

*Tebsbbatula  (?)  BULB08A,  Tato,  Trans.  Phil.  Soc.  of  Adelaide, 
1880,  p.  6,  pi.  vii.  f.  5. 

Waldheimia  eoncerUrica^  Hutton,  I,  e.  p.  35. 
Reported  by, Mr.  M^'Kay  from  the  Up]per  Eocene  and  Cretaceo- 
Tertiary  rocks  6f  Trelissic  Basin. 
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♦Waldheimia  lenhcularib,  Deshayes. 

*Waldhbimia  triawottlabis,  Hutton. 

Waldhbuqa  Tatlori,  Etheridge,  Ann.  &  Mag.  Nafc.  Est  1876, 
vol.  xvii.  p.  18,  pi.  i.  f.  3 ;  Tate,  I  e.  pL  xi.  f.  2. 

EcmKODEBlCAIA. 

♦Meoma  (?)  Crawpordi,  Hutton. 

Meoma  (?)  BRBviPBTALATA,  Hutton,  Cat.  Tertiary  MolL  and  Echin. 
ofN.Z.p.43. 

Found  also  in  the  Oobden  limestone. 

♦ScHizASTER  RonwDATUS,  Zittol,  Koiso  der  « Novara,'  GeoL  ii  p.  64, 
taf.  xi.  f.  1.  ^      ' 

Found  also  in  Upper  Eocene  rocks  at  Cape  Farewell  and  Oamara. 
Also  at  Aotea  and  Port  Waikato. 

CcELEirTEBATA. 

Sphiototrochus  Httttoniants,  Tenison-Woods,  Patoont.  of  N.  Z. 
•  pt.  iv.  Corals  and  Bryo^oa,  1880,  p.  10,  f.  9. 

♦Flabellxtm  ramahs.  Ten.- Woods,  l.c,  p.  14,  £  13. 

Found  also  in  the  Upper  Eocene  rocks  at  Oamam. 
♦Flabellttm  circ?ularb,  Ten.-Woods,  I.  e.  p.  12,  f.  7. 

Found  also  at  Wanganui. 

Of  these  26  species,  12  (including  2  vertebrates)  occur  in  the 
Curiosity-Shop  beds,  and  8  others  are  found  in  other  places  in 
New  Zealand  in  rocks  of  Upper  Eocene  age  or  younger.  Of  the 
remaining  six,  two  are  Miocene  fossils  in  Australia.  I  cannot 
therefore  hesitate  in  putting  the  Weka-pass  stone  into  the  same 
system  as  the  Curiosity-Shop  beds.  It  must  also  be  noticed  that 
Pecten  ZituUi,  Hutton  (Cat.  Tert.  Moll.  N.  Z.  p.  32),  occurs  in  the 
'*  Grey  Marl "  above  the  Weka-pass  stone  t,  which  must  ako  be  re- 
ferred to  the  same  series. 

List  of  the  Ototara  Fossils  from  Oahabit. 

*  Species  marked  with  an  asterisk  are  also  found  in  the  Curiosity- 
Shop  beds,  or  the  Weka-pass  stone,  or  in  younger  rocks. 

YSRTEBRATA. 
♦PALaBXJDTPTES  AKTARCnOTTS,  VST.  AXJSTRALI8,  Huzlcy. 

In  the  Ototara  limestone. 

MoLLirsoA. 

♦Aturia  ziczic,  var.  aitstralis,  M*Cloy. 

In  the  Kakanui  limestone* 

t  Quart.  Journ.  G«oL  Soo.  toI.  xli.  p.  274,  and  Oat.  Golonial  MoMOiiit 
WeUington,  1870»  p.  190  (Peetmpleuronect6$). 
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^YoLTTTA  PAomoA,  var.  slokgaxa,  Swainsoiu 
In  the  Ototara  limestone. 

*SOALABIA.  LTBAIA,  ZittoL 

In  the  Ototara  limestone. 

^Flbubotomabia  tbbtiakia,  WCoj. 
In  the  Ototara  limestone  of  Gave  Valley. 

♦DmrrAinnc  Mantblli,  Zittel,  Reise  der  *Novara/  Geol.  iL  p.  46. 
D.  irregtdare,  Hutton,  I.  e.  p.  1. 
At  Mahemo.    Pound  elsewhere  only  in  the  Pareora  system. 

♦CirouLLBA  ALTA,  Sowcrby. 
In  Yolcanic  tuff  at  Kakanui. 

*PBOXEir  HOGHSTETIEBI,  Zittol. 

In  the  Ototara  limestone. 

*PBCiKir  PisoHBBi,  ZitteL 
In  the  Ototara  limestone  at  Gave  Valley. 

♦PioTEf  HiOTORi,  Hutton,  Cat  Tertiary  MolL  of  N.  Z.  p.  30. 

In  the  Kakanui  limestone ;  also  at  Brighton ;  and  according  to 
Mr.  M'^Kay,  in  the  Upper  Eocene  rocks  at  Trelissic  Basin. 

♦Pbctbk  HiTTCHnrsoiri,  Hutton. 
In  the  Kakanui  limestone,  and  the  Tolcanic  tuff  at  Kakanui. 

*PBOiEir  Cbawfobdi,  Hutton,  Cat.  Tertiary  MolL  of  N.  Z.  p.  32. 

In  the  yolcanic  tuff  at  Kakanui.    Pound  abo  in  the  Pareora 
system. 

PscTJui,  8p.  ind. 
Maheno. 

♦PBOTEf  POLTMOBPHOEDEs,  Zittel,  Bcisc  dor  'Novara,'  Geol.  ii.  p.  61, 
pi.  zi.  f.  3. 

In  yolcanic  tuff  at  Kakanui ;  also,  according  to  Mr.  M^'Kay,  in 
the  Upper  Eocene  rocks  at  Trelissic  Basin. 

*LlMA  PALBATA,  HuttOU. 

In  the  Ototara  limestone. 

BBAcmoPonA. 

Waldhbdoa  gbatida,  Siiss,  Beise  der  'Noyara,'  Geol.  ii.  p.  66, 
pL  iz.  f.  6. 

In  the  Kakanui  limestone. 
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"^Waldheimia  BiTFFLATA^.Tate,  Trans.  PhiL  Soe.  of  Adelaide,  1880, 
p.  18,  pi.  viii.  f.  4. 

In  the  Eakanui  limestone.  Fonnd  also  in  the  Pareora  and  Wan- 
ganui  systems. 

^Terebbatella  Gaitltebi,  Morris. 
In  the  Ototara  limestone  at  Cave  Valley. 

Magasella  Woonsn,  Tate,  Trans.  PhiL  Soc.  Adelaide,  1880,  p.  24, 
pl.x.f.3. 

Waldheimia  tajpirina^  Hutton,  I.  e,  p.  36. 

In  the  Ototara  limestone  at  Cave  Yallej.  Also  in  the  Cobden 
limestone. 

EcHDTOnXBlCATA. 

Macbopnetjbtes  (?)  sPATAKGiFOBMis,  Hutton,  Cat.  Tertiary  MolL  and 
Echin.  of  N.  Z.  p.  40. 

In  the  Ototara  limestone ;  also  in  the  Cobden  limestone. 
^Mboha  (?)  Ckawfordi,  Hutton. 
In  the  Ototara  limestone. 

Here  again  we  have  21  species,  of  which  11,  including  PakBeu- 
dyptes,  are  found  in  the  Curiosity-Shop  or  the  Weka-pass  stone ;  a^d 
of  the  others,  six  are  found  in  the  Upper  Eocene  or  younger  deposits, 
leaving  only  four  as  possible  Cretaceo-Tertiary  forms,  and  these,  it 
must  be  remembered,  are  not  identical  with  any  Waipara  fossils. 

Valley  of  the  Waixah. 

Although  I  am  unable  to  give  anything  like  a  complete  list  of 
the  fossils  found  in  the  VaUey  of  the  Waitaki,  the  district  is  too 
important  to  be  passed  over.  The  following  are  mentioned  by  Dr. 
Hector  and  by  Mr.  M^Kay  as  occurring  in  rocks  belonging  to  the 
Cretaceo-Tertiary  series  (Kep.  Geol.  Expl.  1881).  I  have  also  added 
four  others  from  the  Waihao  limestone  in  the  Canterbury  Museum. 

MaerewTienua  Limestone, 

Eekenodon  onamata,  Hector,  Trans.  N.  Z.  Inst.  voL  xiii  p.  435,  pL  xriiii 

(1881). 
Cetacean  bones,  in  the  lower  part 
Peoten  Hochstetteri,  ZUtel. 
Meoma  (?)  Crawford!,  Hutton. 
GrapbuJaria  (?)  seneeoens,  Taie, 
Flabellam  oiroulare.  Ten,-  Woods, 

In  1880  Mr.  M'^Kay  stated  that  the  beds  overlying  the  Maere- 
whenua  limestone  must  be  referred  to  the  Cretaceo-Tertiary  series 
firom  *'  the  character  of  a  majority  of  the  fossils  found  in  them " 
(Geol.  Bep.  1881,  p.  69)  ;  but  the  next  year  he  referred  this  lime- 
stone with  the  overlying  beds  to  the  Upper  Eocene,  also  on  account 
of  the  fossils  found  in  them  (I.  c.  p.  103).  Certainly  there  is  no 
palffiontological  reason  for  separating  this  limestone  mm  theWeka- 
pass  stone  and  the  Curiosity-iBhop  beds.  * 
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Waihao  Limestone. 

Oarcharodon  angustidens,  Ag, 

Waldheimia  lenticularis,  Dahayes, 

Eupatagus  0rayi,  HtUtoUt  L  o,  p.  41 ;  abo  found  in  the  Oobden  limestone. 

Macropneufltes  (?)  spaiangiformis,  Hutton, 

Graphularia  (?)  senescens,  Tate, 

In  *'  Chalk-marls  "  below  the  limestone  are  the  following : — 

Pecten  Zittelli,  Hutton, 

Sphenotroohus  Huttonianuf,  Tenwm-Woods, 

Here  the  Echinoderms  are  different  from  those  of  the  Curiosity 
Shop  and  Weka  pass,  but  one  of  them  is  found  in  the  Ototara  lime- 
stone ;  and,  as  the  beds  are  underlain  by  rooks  containing  the  PecUn 
ZitteUi  and  Sphenotrochus  Huttonianus  of  the  Weka-pass  stone,  they 
cannot  be  looked  upon  as  indicating  a  greater  age. 

In  Marly  Greensands  below  the  Limestones. 
At  Maerewhenua : — 

Cetacean  bonee. 
At  Wharek«uri : — 

Nautilus  danicus,  UOrb,  (?)* 

Harpaotooarcinus  tumidus,  H,  Woodward,  Quart  Journ.  Geol.  Soo. 
Tol.  TTfii.  p.  71 ;  found  also  at  Brighton,  sjid  at  Double  Corner,  N.  Can- 
terbury. 

At  Waihao : — 

Aturia  dczac,  Tar.  australis,  M'Coy, 
Pleurotoma,  sp.,  like  Pareora  forms, 
limopsis,  sp.,  like  P.  aurita^  an  Upper  Eocene  and  Miocene  form. 

Here  we  have  certainly  a  Cretaceous  species  in  Nautilus  danicus^ 
but  it  is  doubtfully  identified  by  Mr.  M^Kay,  and  is  probably  the 
ventrioose  form  of  A.  ziczac. 

In  the  Island  Sandstone  at  Black  Point. 

Ancyloceras  (?),  sp.,  HBctor,  GeoL  Rep.  1876-7,  p.  x. 
Bacuhtes  (?),  sp.,  Hector,  I.  o. 
Belemnites  (?),  sp.,  Hector,  I,  c. 

Here  also  we  get  Cretaceous  Cephalopoda,  but  all  are  doubtfully 
determined.  "Mr.  M^Kay  kindly  showed  me  these  fossils  in  the 
Wellington  Museum.  There  is,  I  believe,  but  one  form.  It  is  a 
small,  delicate,  straight  shell,  slightly  tapering,  with  rather  close, 
well-marked,  transverse  ribs  (like  Tentaculites).  It  looks  like  a 
Cephalopod,  but  no  section  has  been  made.  The  siphon  is  said  to 
be  marginal ;  but  it  is  obscure,  and  I  could  not  satisfy  myself  of  its 
presence.    There  is  no  external  appearance  of  lobed  or  foliated  septa. 

*  Mr.  M<'Eay  informs  me  that  this  is  the  same  as  his  soHsalled  Ammonite 
from  near  Greymoutb,  GeoL  Bep.  1873-4,  o.  81. 

aJ.G.S.No.  164.  ■  2  b 
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It  cannot  be  Ancyloceras,  because  the  ribs  are  of  equal  strengtb  all 
round ;  and  it  cannot  be  Baculites,  because  the  ribs  are  quite  tram- 
verse.  If  it  be  a  Cephalopod  at  all,  it  must^  I  think,  be  a  new  genus, 
and  consequently  it  has  but  little  chronological  value. 

Evidently,  if  we  can  trust  to  palseontological  evidence,  the  Ototara 
series,  both  at  Oamaru  and  in  the  Waitaki  Valley,  together  with 
the  Wcka-pass  stone,  must  be  included  in  one  system  with  the 
Curiosity-Shop  beds.  Mr.  M*Kay  certainly  says  of  the  fossils  of 
the  Cretaceo-Tertiary  series  that  **in  all  cases  these  are  speci- 
fically different  from  the  shells  found  in  the  higher  parts  of  the 
series,  which  are  mainly  the  fossils  of  Professor  Hutton's  Oamani 
formation  "  (Geol.  Rep.  1883-4,  p.  69)  ;  but,  as  he  gives  no  name, 
it  is  impossible  to  attempt  to  reconcile  his  statement  with  my  list, 
and  it  is  opposed  to  his  own  list  of  the  fossils  of  the  Trelissic  Basin 
(Geol.  Rep.  1879-80,  p.  70),  where  about  one  fifth  are  common  to 
both  series. 

But  Dr.  Hector  does  not  rely  altogether  on  paJseontological  evi- 
dence for  separating  his  Upper  Eocene  rocks  from  the  upper  part  of 
his  Cretaceo-Tertiary  series ;  he  considers  that  an  unconformity  exists 
between  them.  I  have  already  shown  that  no  unconformity  exists 
in  the  Weka-pass  district  *.  I  will  now  take  the  north  of  Otago,  a 
district  which  I  examined  in  December  1873. 

Dr.  Hector  says,  "  These  higher  [Upper  Eocene]  beds  it  has  been 
impossible  to  separate,  either  stratigraphioally  or  otherwise,  from 
the  Awamoa  series  [Pareora  bods],  whidi  overlie  them ;  whilst  be- 
tween this  and  the  underlying  Cretaceo-Tertiary  series  unconformity 
is  to  be  observed  at  several  points,  as  in  the  Cape  Hills  [Oamaru J, 
and  at  Cape  Campbell  {vide  Report  on  that  district),  although  it  may 
be  doubted  whether  the  Awatere  beds,  which  there  rest  unoonform- 
ably  on  the  Cretaceo-Tertiary  series,  are  the  true  equivalents  of  the 
Awamoa  beds,  or  of  Upper  Miocene  age.  Apart  from  this,  however, 
the  character  of  the  volcanic  rocks  at  Oamaru,  as  evidencing  the 
existence  of  a  land-surface,  together  with  their  superior  position  to 
those  of  the  calcareous  beds  of  Hutchinson's  quarry,  with  the 
Awamoa  beds  resting  conformably  on  them  in  lime-kiln  Gully, 
sufficiently  attest  the  unconformity,  which  is  further  supported  by 
the  occurrence  of  an  outlier  of  Awamoa  beds  resting  upon  the  green- 
sands  and  coal-grits  in  the  Waireka  Valley  "f.  This  argument  may 
be  summed  up  as  follows : — The  volcanic  rocks  at  Oamaru  Cape  prove 
a  land-surface ;  consequently  the  Hutchinson's-quarry  beds  whidi 
lie  above  the  volcanic  rocks  must  be  unconformable  to  the  Cretaceo- 
Tertiary  which  lie  below  them.  Further,  no  unconformity  can  be 
made  out  between  the  Hutchinson's-quarry  beds  and  the  oveilying 
Awamoa  series  (Pareora  system) ;  but  at  Cape  Campbell  (300  miks 
away)  beds  belonging  to  the  Pareora  system  (Awatere  series)  are 
unconformable  to  tiie  Cretaceo-Tertiary ;  it  may,  however,  be  doubted 

*  <'  On  the  Geological  position  of  the  Weka-pftss  Stone,"  Quart  Jotm.  OeoL 

a  vol.  xli.  p.  266. 

t  Beport  of  Geological  Explorations,  1876-7,  p.  is. 
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whether  the  Awatere  series  is  the  equivalent  of  the  Awamoa  series. 
Now  neither  Dr.  Hector  nor  Mr.  M'^Kay  gives  any  proof  of  this 
land-sarface ;  hut  Mr.  M^'Kay  told  me  that  his  reason  for  assuming  its 
existence  was  the  scoriaceous  nature  of  some  of  the  rocks,  which  is 
quite  insufficient.  Also  I  fail  to  see  in  Mr.  M*=Kay's  Eeport  any 
evidence  at  all  of  an  unconformity.  He  certainly  gives  a  section 
(No.  3)  showing  an  unconformity ;  hut  there  must  be  some  mistake, 
as  the  unconformity  is  placed  between  the  Hutchinson's-quarry  bed 
and  volcanic  tuffs  which  underlie  the  Ototara  limestone,  while  the 
argument  is  founded  on  the  assumption  that  the  tuffs  overlie  the 
Ototara  limestone.  When  I  examined  Ototara  Cape  in  1873  1  did 
not  notice  any  unconformity;  but  I  have  had  no  opportunity  of 
examining  the  locality  since  Mr.  M'^Kay's  Eeport  was  published. 
Cape  Oamaru  is  formed  by  an  old  volcano,  which  has  broken  through 
the  Ototara  limestone  and  was  active  when  the  marine  beds  of 
Hutchinson's  quarry  were  being  deposited.  Also  the  outlier  of  the 
Awamoa  series  on  the  "Cretaceo-Tertiary  greensands  and  coal-grits,*' 
in  the  Waireka  Valley,  proves  an  unconformity  between  the  Awamoa 
series  and  the  Hutchinson's-quarry  beds  (which  are  missing),  and 


Fig.  2. — Majp  of  the  Valley  of  the  Waitaici  and  neighbouring  region. 


f 


AUnri*.  ^^     Fueon  Sygtem.  g^     Limeftonet. 

I        I    Tertiarj,  uncertain.  ^^^    Bohifts  and  Blatea. 


1.  Waihao  Limestone. 

2.  Otakoika  Limeetone. 


3.  Maerewhenua  Limestone. 

4.  Ototara  Limestone. 
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not  between  these  latter  and  the  Cretaceo-Tertiary,  as  supposed  by 
Dr.  Hector*. 

I  fail  therefore  to  see  any  unconformity  between  the  Upper 
Eocene  and  the  Cretaceo-Tertiary  near  Oamaru.  In  his  Progress 
Beport  for  1881  (Geol.  Reports,  1881,  p.  xxiii),  Dr.  Hector  says, 
*'  In  the  Waitaki  Yalley,  and  in  the  same  district  as  far  south  as 
the  mouth  of  the  Eakanui  River,  Tertiary  rocks,  comprising  lime- 
stones and  calcareous  greensands  belonging  to  the  Upper  Eocene 
period,  are  present,  resting  indifferently  on  various  members  of  the 
Cretaceo-Tertiary  series;"  and  in  the  *  Sixteenth  Annual  Report  of 
the  Colonial  Museum,'  published  in  1882,  Dr.  Hector  says  that 
"in  the  Waitaki  VaUey  he  [Mr.  M*Kay]  completely  cleared  up 
the  evidence  on  which  tiie  subdivision  of  the  Lower  Tertiary  and 
Upper  Cretaceous  strata  had  been  proposed,  and  obtained  a  large 
addition  to  the  collection  of  fossils  "  (p.  7)t.  I  have  carefully  ex- 
amined Mr.  M'Kay's  'Report  on  the  Geology  of  the  Waitaki 
Valley '  (Z.  c.  p.  66),  for  proofis  of  this  statement,  but  without  much 
success,  almost  aU  the  oases  given  referring  to  unconformity  of  the 
Pareora  system,  and  not  to  the  Hutchinson's-quarry  beds.  The 
rocks  are  said  to  be  as  under  (see  Map,  fig.  2) : — 

Upper  Eocene, 

1.  Hutchinson's-Quany  Beds:  GreenBands  full  of  WaMdmia  triamgmiaru 
{Hutton). 

2.  Otakaika  Limestone :  a  calcareouB  greenAand=Numinulltic  limestoiie. 

3.  Kekenodon  Beds :  marly  greensaiuu  restricted  to  Wharekauri. 

CreiaeeO'Tertiary. 

4.  Grey  marls :  grey  sands. 

K     r  Maerewhenua  Limestone :  a  calcareous  greensand  1  =Ototara  Lime- 
\  Waihao  Limestone :  a  white  limestone.  j      stone. 

6.  Marly  Greensands. 

7.  Island  Sandstone :  loose  sandy  beds  with  bands  of  calcareous  rook. 

8.  Ooal-beds. 

There  is  no  stratigraphical  continuity  between  these  rocks  and 
those  at  Oamaru ;  and  in  no  locality  is  tiie  Otakaika  limestone  seen 
to  overlie  the  Maerewhenua  limestone.  Mr.  M^Kay  certainly  says 
that  *'  on  stratigraphical  grounds  the  Maerewhenua  limestone  miut 
be  regarded  as  distinct  from  the  Otakaika  limestone"  (OeoL  Beports, 
1881,  p.  66),  and  that  he  will  give  the  evidence  further  on  in  ius 
Eeport ;  but  I  have  not  been  able  to  find  it.  It  would  seem  therefore 
that  the  correlations  must  depend  upon  palffiontological  evidence ;  but 
no  lists  of  fossils  are  given.  Mr.  McKay's  line  of  proof  seems  to  be 
different.    He  says,  '*  In  either  locality  [Oamaru  and  Maerewhenua] 

*  In  his  last  Beport  Mr.  M^^Eay  has  omitted  this  outlier.  He  now  says  that 
"  all  the  strata  developed  west  of  the  Waireka  Yalley  and  lower  part  of  the 
Eakanui  Biver  pass  under  the  higher  part  of  the  Cretaceo-Tertiary  aeries  reprs> 
sented  by  the  Ototara  calcareous  sandstone,  all  Eocene  and  Miocene  strata 
lyinff  to  the  eastward  of  the  gr^t  limestone  scarp  "  (GeoL  Rep.  188^-4,  p.  63). 
But  lie  gives  no  reasons  for  this  change,  and  it  is  against  the  paUBontouigiflal 
evidence. 

t  See  also  Trans.  N.  Z.  Institute,  voL  ziv«  p.  524L 
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the  limestones  are  conformable  to  the  beds  which  underlie,  and 
these,  proving  to  be  the  equivalents  of  each  other,  prove  also  the  syn- 
chronism of  the  Ototara  and  Maerewhenna  limestones  "  (I.  c.  p.  69). 
But  he  has  just  before  said  (on  the  same  page)  that,  as  the  identity 
of  the  Ototara  stone  with  the  Maerewhenna  limestone  cannot  be 
proved  by  fossils,  because  these  are  too  few  in  the  Ototara  stone, 
"  it  thus  became  necessary  to  prove  the  relationship  of  the  beds 
underlying  the  limestones  in  the  two  localities.  Here  again  the 
tufas  of  the  Waireka  Valley  differed  considerably  from  the  grey 
sands  and  marly  greensands  underlying  the  Maerewhenna  lime- 
stone ;  and  while  in  the  latter  locality  the  beds  proved  highly 
fossiliferous,  fossils  were  wholly  absent  in  the  beds  underlying  the 
Ototara  stone,  so  that  in  this  case  also  identity  could  not  he  proved 
by  means  of  the  fossil  contents  of  the  beds,"  I  do  not  wish  to  dispute 
this  point,  as  I  believe  all  to  belong  to  the  same  series.  I  merely 
wish  to  show  that  he  has  not  proved  his  case.  Indeed,  in  a  further 
Report,  printed  in  the  same  volume,  Mr.  M*^Kay  says  that  "  the 
middle  part  of  the  Maerewhenna  limestone  belongs,  I  consider, 
to  this  horizon  [Otakaika  limestone],  leaving  only  the  lower  portion 
of  that  rock  as  the  equivalent  of  the  Ototara  limestone  '*  (Z.  c. 
p.  103),  thus  abandoning  his  supposed  proof  altogether.  This 
alteration  was  made  because  remains  of  Kekenodon  (a  Zeuglodont) 
were  discovered  in  the  limestone ;  and  this  change  alone  must  throw 
considerable  doubt  on  the  asserted  unconformity  between  the  Upper 
Eocene  and  Cretaceo-Tertiary  rocks  in  this  district. 

But,  as  a  matter  of  fact,  I  can  only  find  in  the  Report  one  place  in 
which  an  unconformity  is  said  by  Mr.  M^'Kay  to  occur  between  the 
Upper  Eocene  and  Cretaceo-Tertiary  series.  In  his  "  Section  showing 
position  of  coal-seam,  Wharekauri"  (I.e.  p.  64),  the  Otakaika 
limestone  (No.  2)  is  shown  unconformable  to  the  marly  greensands 
(No.  6).  The  section  is  described  as  a  sketch  of  the  rocks  seen  in 
following  up  the  Wharekauri  Creek  from  the  Waitaki ;  but  at  p.  73 
he  says  that  this  section  is,  he  believes,  '*  exactly  as  the  section 
would  appear,  provided  the  obscuring  gravels  could  be  cleared  away," 
so  that  evidently  its  accuracy  may  be  doubted.  Also  no  evidence  is 
given  that  these  "  marly  greensands  "  are  not  the  Kekenodon  beds, 
which  are  found  in  the  close  neighbourhood,  it  being  merely  stated 
that  the  unconformity  is  demonstrated  "  by  the  absence  of  the  higher 
part  of  the  marly  greensands  and  the  Maerewhenua  limestone'' 
(Z.  e.  p.  68).  Mr.  M®Kay  remarks  that  here  "  the  section  of  the 
younger  beds  is  somewhat  complicated ;  and  from  the  fact  that  the 
Kekenodon  beds  are  themselves  a  marly  greensand,  and  their  un- 
conformity to  the  Cretaceo-Tertiary  marly  greensands  not  being  well 
marked,  the  two  sets  of  beds  may  in  places  be  taken  to  represent 
the  higher  and  lower  parts  of  the  same  series "  {l.  c.  p.  73).  Evi- 
dently there  is  here  no  "clear  proof  of  unconformity,  especially  as 
in  his  Second  Report  Mr.  M'^Kay  describes  the  underlying  marly 
greensands  in  this  locality  as  "  nearly  horizontal "  (Z.  c.  p.  101),  and 
therefore  conformable  in  position  to  the  overlying  limestone.  He 
certainly  says  that  '*  the  fossils  belonging  to  the  two  horizons  [of 
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marly  greensands]  are  very  dissimilar  "  (I,  c,  p.  73) ;  but  this  state- 
ment cannot  be  received  as  full  evidence  until  lists  of  the  fossils  aie 
published.  In  fact  there  appears  to  be  no  actual  proof  of  uncon- 
formity anywhere ;  it  is  merely  argued  that  such  an  unconformity 
must  exist  because  the  Maerewhenua  limestone  ought  in  certain 
places  to  come  in  between  the  two  beds  of  marly  greensand.  But 
this  argument  rests  entirely  on  the  assumption  that  the  Maere- 
whenua limestone  is  older  than  the  Eekenodon  beds,  and  differs  from 
the  Otakaika  limestone,  of  which  no  proof  at  all  is  giv^i;  and, 
as  bones  of  Kekenodon  have  been  since  found  in  the  Maerewhenua 
limestone,  it  is  evident  that  the  whole  argument  coUapses.  Indeed, 
in  his  Second  Eeport,  Mr.  M^Eay  calls  the  Otakaika  limestone  the 
equivalent  of  the  middle  part  of  the  Maerewhenua  limestone  (2.  e, 
p.  104);  and  if  this  be  so,  the  Eekenodon  beds  would  appear  to  be 
the  same  as  the  so-called  Cretaceo-Tertiary  marly  greensands ;  and 
the  whole  of  the  rocks,  from  the  Hutchinson's-quarry  beds  down  to 
the  marly  greensands,  would  form  a  single  series,  No.  1  in  the  Table 
(p.  1)  being  the  same  as  No.  4,  No.  2  the  same  as  No.  5,  and  No.  3 
the  same  as  No.  6*.  It  seems  to  me  that  this  is  the  only  way  in 
which  "  the  evidence  on  which  the  subdivision  of  the  Lower  Tertaary 
and  Fpper  Cretaceous  strata  has  been  proposed  "  can  be  '*  completely 
cleared  up." 

The  stratigraphical  evidence  fails,  therefore,  equally  with  the 
paleBontological  evidence,  to  indicate  any  important  break  between 
these  rocks,  and  the  whole  of  them  must  be  included  in  one  system, 
the  Oamaru  System  of  Dr.  von  Haast  and  myself  •. 


DiSOUSSIOK. 

Dr.  Blanford  pointed  out  that  of  the  48  species  from  the 
Curiosity-Shop  beds,  10,  or  more  than  20  per  cent.,  are  still  living. 
Such  a  percentage  could  scarcely  be  expected  in  beds  older  than 
Oligocene,  and  was  remarkable  even  in  strata  of  that  age. 

Dr.  Duncan  said  that  he  had  not  found  so  large  a  proportion  of 
living  species  of  Echinodermata  and  Corals  even  in  the  Miocene 
beds  of  Western  India.  The  more  carefully  the  morphology  of  lat« 
Tertiary  forms  was  studied  the  fewer  were  the  species  which  de- 
scended from  the  Tertiaries  to  the  recent  faunas.  Even  in  the 
deep-sea  faunas  the  species  which  were  assigned  to  old  genera 
belonged  to  special  divisions  of  them. 

Mr.  ToPLEY  inquired  how  far  Cretaceous  forms  prevailed. 

Mr.  Blanford  read  over  the  Ust  of  genera,  which  showed  that 
very  few,  if  any,  characteristically  Cretaceous  types  occurred  in  the 
deposit. 

*  Some  of  the  '*  Oretaoeo-Tertiary  **  greensands  and  ooal  may,  I  think,  prove 
to  belong  to  the  Pareora  system. 
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42.  On  the  Fossil  Flora  of  Saoor,  in  Carniola.  By  Constantin 
Baron  von  Ettinoshausbn,  Professor  at  the  University  of  Graz, 
Austria.     (Bead  June  24,  1885.) 

HAViNe  recently  brought  the  third  and  last  part  of  my  work  on  the 
Fossil  Flora  of  Sagor  before  the  Imperial  Academy  of  Sciences  in 
Vienna,  I  take  the  liberty  of  reporting  to  the  Geological  Society  on 
the  facts  which  may  be  considered  interesting  to  the  science  of 
PaUeontology,  and  on  the  principal  results  which  have  been  obtained 
from  my  investigations  upon  the  subject.  The  fossil  plant- 
remains  which  were  brought  to  light,  mostly  by  my  method  of  im- 
pregnating the  stones  with  water  and  splitting  them  by  freezing, 
came  firom  fourteen  localities : — 

1.  Beds  called  "  Friedhofschichten,"  beneath  the  Brown  Coal  of 
Sagor.  They  occur  near  the  churchyard  of  Sagor,  and  consist  of 
yellowish-grey  indurated  clay.  They  contain  many  well-preserved 
plant-remains  belonging  to  40  species,  many  of  which  have  also  been 
found  at  Haring  and  Sotzka,  and  in  the  Lower  Tertiary  beds  of 
Switzerland.  Among  the  specimens  I  have  examined  there  are 
cones  of  AciinostrobuSj  seeds  of  Embothrium  leptospermum  and 
Uakea  macroptera,  flowers  of  Celastms  protogoeus,  fruits  of  Termi- 
nalia  Femliana^  and  leaves  of  Corylus  MacQuarrii,  Quercus  cuspidata, 
Ficus  primcxva^  Ginnamomum  lanceolatumy  OrevUlea  hceringiana^ 
Dodoncea  salidUs,  Zizyphus  undulatus,  Eucalyptus  hceringiana^ 
Dcdbergia  primoeva^  Cassalpina  Haidingeri^  &c. 

2.  Beds  caUed  '-Bachschichten,"  near  Sagor.  These  and  all  the 
following  beds  here  enumerated  lie  above  the  Brown  Coal.  Their 
plant-remains  indicate  a  flora  which  in  no  respect  differs  from  the 
fossil  flora  of  the  Wetterau,  of  the  Brown-coal  formation  of  the  Lower 
Khine,  and  of  the  Aquitanian  Tertiary  beds  of  Switzerland.  The 
^^Bachschichten,"  consisting  of  dark  grey  indurated  clay,  are  rich  in 
fossil  plants,  and  a  careful  investigation  of  them  brought  to  light  a 
flora  of  79  species.  Of  these  are  particularly  to  be  named  Chondrites 
laarencioides^  Davallia  Haidingeri,  Callitris  Brongniarti,  Sequoia 
Oouttsias^  Ostrya  atlantidis,  Quercus  Lonchitis,  Ficus  lanceolata^  Deschr 
manni,  and  Langeri,  Laurus  tristanicrfolia^  Sapotacites  minor,  Cissus 
Heeriiy  Zizyphus  paradisiacus^  Bhus  hydrophUa,  Terminalia  mio- 
ceniea,  Eugenia  ApoUiniSy  PsoraUa  palcBogoMy  PaUeolobium  hetero- 
phyUumy  and  Mimosites  hceringianus, 

3.  Beds  called  "  Tagbau  Schichte  I."  They  occur  near  the  smelting- 
house  of  the  tin-works  in  Sagor,  and  consist  of  yellowish-grey  or 
yeUowish-wbite  indurated  clay,  which  is  not  so  rich  in  fossils  as  the 
preceding  beds.  Of  the  species  to  be  found  there,  I  may  mention 
Taxodium  distichum  miocenicum,  Sequoia  Tounfudii,  Pinus  hepios, 
Myrica  deperdita^  Fagus  FeronicB^  Pterospermum  sagorianumy  Bur- 
saria  radobojana^  Dalbergia  valdensis, 

4.  Beds  called  after  the  ''  Franoisci  ErbstoUen,'*  near  the  Sagor 
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works.  Thej  show  a  bluish-grey  shale,  which  seldom  contains 
fossils.  As  yet  only  the  following  species  have  been  discovered : — 
Glyptostrohus  europams,  Sequoia  Couttsia:,  Flcus  sagoriana^  F.  hwnu- 
licffolia,  BanJcsia  longifolia,  Andromeda  protogcea,  and  Eucalyptus 
oceanica,  all  very  common  in  the  beds  Nos.  2,  8,  9,  11,  and  14. 

5.  Beds  near  Sagor,  containing  fossil  fishes,  but  very  few  fossil 
plants.  They  occur  in  a  grey  indurated  day,  and  the  latter  includes 
Olyptostrohua  europcms.  Sequoia  Couttsut^  Ficus  bumeliafolicL,  Cxh" 
namomum  polymorphum,  Bumelia  oreadum,  and  Andromeda  pro- 
iogcea, 

6.  Beds  called  "  Tagbau  Schichte  U.,''  near  Sagor.  The  fossil 
plants  are  here  to  be  found  in  a  light  or  yellowish-grey  indurated  day, 
and  belong  to  (Jhara  Ungeri^  Ch.  Langeri^  Glyptostrohus  europceus. 
Sequoia  Couttsice,  Zostera  Ungeri,  Castanea  atavia,  Quercus  Lonchitis, 
Ficus  bumeliafolia^  Pisonia  eocenica,  Banksia  longifolia,  Apoeyno- 
phyllum  hreve-petiolatum,  Andromeda  protogcEa,  Rohinia  crenata, 
Dalbergia  hoeringiana,  Cassia  pal<Eog<xa,  and  Podogonium  Lyetti- 
anum, 

7.  Close  by  the  village  of  Godredesch,  near  Sagor,  there  are  some 
beds  consisting  of  dark-grey  indurated  day,  like  that  of  the  beds 
No.  2.  They  contain  plant-remains  which  have  been  referred  to 
11  species.  With  the  exception  of  Myrsine  Endymionis^  Cuswnia 
amhtgua^  and  Pistacia  pala!o4entiscuSy  Uiese  also  occur  in  the  beds 
No.  2. 

8  and  9.  Near  the  village  of  Savine,  in  the  neighbourhood  of 
Sagor,  there  are  two  very  rich  localities  of  fossil  plants.  The  beds 
consist  of  a  light-  or  yellow-grey  marl,  whidi  contains  well- 
preserved  fossils.  From  this  I  have  obtained  a  flora  consisting  of 
313  species,  which  form  the  prindpal  part  of  the  fossil  flora  of 
Sagor.  The  locality  No.  8  is  the  quarry  from  which  the  most 
valuable  fossils  came.  Of  these  I  mention  the  following  as  possess- 
ing special  interest: — Musettes  savinensis,  BUchnum  Braunii,  two 
forms  of  Equisetum,  CunningJiamia  mioceniea^  Smikuc  paudntrvis^ 
Pandanus  camiolicus^  LaureHa  rediviva,  Laurus  stenophyUa^  LUscsa 
dermatophyUum^  Conospermum  macrophyllum,  Cenarrhenes  Haueriy 
Persoania  cuspidata,  two  forms  of  Halcea,  Emhothrium  stetiospermumy 
Lomatia  oceanica^  Olea  eamiolica,  Fraainus  primigenia,  SapciadUs 
chamcedrysy  Diospyros  hilinica^  Symplocos  savinensis,  CaUieoma  mi- 
crophylla,  Clematis  sagoriana,  Tetrapterxs  minutOy  six  species  of 
CelastruSy  Pomaderris  acuminata,  PteUa  intermediay  AHanihus  Ori- 
onis,  Vochysia  europcea,  and  nine  spedes  of  PapiUonaceee. 

The  locality  No.  9  is  the  top  of  a  coal-pit  from  which  the  fossil 
plants  came.  I  have  selected  for  mention  a  few  of  the  many  new 
forms  which  I  found  there: — Actinostrohus  miocenicus,  Leptomeria 
distanSj  Emhothrium  macropterumy  Notelcea  rectinerviSy  FraJcinui 
iavinensiSy  Alstonia  camiolioay  ChrysophyUum  sagorianum,  Vaed- 
nium  palceo-myrtilluSy  Loranthus  pal<Bo-exocarpiy  Bombax  gagorta- 
numy  Pittosporum  paUeo-tetraspermumy  and  PteUa  microcarpa, 

10.  Islaak,  near  Sagor.  The  fossil  plants  occur  here  in  greyish 
white  marl,  looking  somewhat  like  that  of  Savine.     All  the  fossils 
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which  I  disooTered  in  it  are  to  be  found  also  at  Sayine,  excepting 
ffeliotropites  parvifolius, 

11.  Trifail.  The^  beds  resting  upon  the  coal  strata  are  rich  in 
different  plant-remains,  which  mostly  occur  in  a  dark  grey  indurated 
clay,  like  that  of  the  locality  No.  2.  The  most  interesting  of  the 
species  collected  here  are  the  following: — Oystoseira  communis, 
Taxodium  distickum  miocenicum,  Pinus  pakno-tasda,  Fagus  FeronicB^ 
Ccutanea  atavia,  Banksia  Haidingeri^  Bumelia  scahra^  Diospyros 
hcBringiana,  Sapindophyllum  paradoxum,  Carya  trifailensis^  Prunua 
mohtkana^  and  P.  pcUceo-eerasus. 

12.  Hrastnigg.  I  obtained  firom  a  coal-pit  the  following  species 
of  fossil  plants,  which  occur  in  a  light-grey  marl: — Hypnum 
Mgorianum^  Glyptostrobus  europceus,  Sequoia  Couttsiaiy  Typha  latis- 
sima^  drmamomum  polymotphum,  Banksia  longifolia^  Bumelia 
Oreadum,  Andromeda  protogcea,  Ancectomeria  Brongniartii,  Nymphooa 
gypsorum,  Eucalyptus  oceanica,  and  Phaseolites  microphyUus,  Of 
these,  nine  occur  also  at  Sayine. 

13.  Bresno.  In  a  yellowish-grey  marl  here  I  found  well-pre- 
served fossil  plants  belonging  to  the  following  species : — Glypto- 
strobus  eurcpceus.  Sequoia  Toumdlii  and  Couttsice^  Carpinus  Beerii, 
Fieus  fyiu?  and  humeHcefolia,  Cinnamomum  polynuyrphum^  Banksia 
longifdf'ia^  Sapotacites  sideroaryloides  and  emarginatus,  Mimusops 
tertiaria,  Bumelia  Oreadum,  Andromeda  protogcea^  Celastrus  proto- 
gasus,  and  Eucalyptus  oceanica. 

14.  Tiiffer.  The  fossil  plants  occur  in  a  light  or  somewhat 
reddish-grey  marl-slate  resembling  that  of  Savine.  I  found  there 
many  well-preserved  fossils  belonging  to  Hypnum  sagorianum^ 
Qlyptostrobus  eurcpcms,  Sequoia  Couttsioe^  Pinus  palceo-tceda,  Typha 
latissima,  Myrica  salicina,  Castanopsis  sagoriana,  Quercus  Lonchitis, 
Fieus  sagoriana  and  bumelia^folia,  Pisonia  eocenica,  Hedycarya 
europasa,  Laurus  Haueri^  Cinnamomum  polymorphum,  Banksia 
longifolia^  Sapotacites  sideroan/loides,  Bumelia  Oreadum,  Andromeda 
protogcea,  Cdastrus  protogceus,  Eucalyptus  oceanica,  Eugenia  ApoU 
linis, 

I  proceed  now  to  explain  the  general  results  of  my  investigations 
of  the  Sagor  fossil  flora : — 

Istly,  the  fossil  flora  of  Sagor  contains  at  least  170  genera  and 
387  species,  which  are  distributed  under  75  families.  Of  the  species, 
21  belong  to  the  Oryptogamse,  18  to  the  63rmnosperm89,  14  to  the 
Monocotyledons,  117  to  the  Apetalae,  61  to  the  Gamopetalse,  and 
156  to  the  Dialypetalae.  18  species  were  aquatic,  but  all  the 
others  terrestrial  plants. 

2ndly,  the  fossil  flora  of  Sagor  consists  of  two  floras  of  difierent 
ages,  but  immediately  following  one  another.  The  beds  No.  1, 
which  underlie  the  coal,  and  may  be  the  basement  beds  of  the  Ter- 
tiary of  Sagor,  include  a  flora  which  existed  in  the  last  section  of 
the  Eocene  period.  The  other  beds,  resting  upon  the  coal,  contain 
the  remains  of  a  flora  belonging  to  the  first  section  of  the  Miocene 
period. 

3rdly.  In  consequence  of  the  great  diversity  of  fossil  plants,  and 


Digitized  by  LjOOQ IC 


568  OV  THE  FOSSIL  TLOBA.  OF  SA.OOB,  IS  CAKNIOLA. 

their  abundance  in  some  of  the  localities,  the  elements  of  the  floras 
are  so  distinctly  marked  as  to  place  it  beyond  doubt  that  the 
Tertiary  flora  is  to  be  considered  the  origin  of  all  the  living  floras 
of  the  globe,  a  conclusion  to  which  the  investigations  of  the  floras 
of  other  Tertiary  localities  have  already  led.  In  the  fossil  flora 
of  Sagor  the  following  floras  are  represented : — 

AirsTBALiA.  by  ActinostrobuSy  Casuarina^  Leptomeria,  Santalum^  sp., 
Conosjpermum,  Persoonia,  GhrevUlea,  Hakea^  Lamhertia,  Lomatiay  sp., 
BanJcsia,  Dryandra,  Notelcsa,  Myoporum^  Loranthits^  sp.,  CaJlicofna, 
Ceratopetalum,  Sterculia^  sp.,  Dodoncea^  sp.,  Bursaria,  EUxodendrOHj 
sp.,  Pomaderris,  Eucalypttis,  Kennedya. 

North  Amebica  and  Mexico  by  Taxodiumy  Pinus,  sp.,  Myriea^ 
sp.,  Betula^  sp.,  Fagus,  sp.,  Ostrya^  sp.,  Q^ercu8y  sp.,  Ulmus^  sp., 
Platamis,  sp.,  SymphcoSf  sp.,  Vaccinium,  sp.,  Cotfius,  sp.,  MagnoUa^ 
sp.,  Acer,  sp.,  Evonymus,  sp.,  Prinos,  Berchemiay  Ilea,  Carya^  PUUOy 
sp.,  PmnuSy  sp.,  Robinia,  and  Erythrina, 

Califobnia  by  Lihocedrus,  sp..  Sequoia,  Pinus,  sp. 

Brazil  and  Tropical  South  America  in  oekeral  by  BUch^ 
num,  sp.,  Ficus,  sp.,  Pisonia,  sp.,  Persea,  sp.,  Ocoteay  Andromeda, 
sp.,  Weinmannia,  sp,,  Bombcuc,  sp.,  Temstrcgmia,  Teirapteris^  Bani- 
steria,  Sapindus,  sp.,  Xanthoxylum,  sp.,  Vochysia,  Dioclea,  Mocha- 
rium,  Cassia,  sp.,  Acacia,  sp. 

Chili  by  Podocarpus,  sp.,  Laurelia,  Cassia,  sp. 

India  and  East-Indian  Islands  by  Castanopsis,  Ficus,  sp.,  Phodte, 
sp.,  Cinnamomum,  Mimusops,  Sterculia,  Pterospermum,  PitUapcrum, 
sp.,  Dalhergia,  Sophora,  sp.,  Cassalpinia, 

China  and  Japan  by  Glyptostrobus,  Cinnamomtfm,  sp.,  Hydrangea^ 
sp.,  Acer,  sp.,  Styphnolohium. 

Europe  by  Pinus,  sp.,  Phragtnites,  Zostera,  Typha,  Alnus,  Oar- 
pirnis,  Corylus,  Castanea,  Ulmus,  sp.,  Ligustrum,  Olea,  sp.,  Fraxiimt, 
sp.,  Vaccinium,  sp.,  Acer,  sp.,  Pistacia,  sp.,  Pnmus,  sp.,  Psoralea,  sp. 

The  Canaries  by  DavaUia,  sp.,  Laurux,  sp.,  Persea,  sp. 

Africa  by  Callitris,  Kennedya,  sp.,  OZea,  sp.,  C7ou<M>nia,  Cela^ 
trus,  sp.,  Pterocelastrus,  and  i2^u«,  sp. 

Norfolk  Island  by  Araucaria,  sp.,  and  Elceodendron,  sp. 

New  Zealand  by  Hedycarya,  sp.,  C^narr^^w,  Wetwiumiua,  ^ 
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43.  A  Sketch  of  the  Goldfiblds  of  LTDEiTBxmo  and  Db  Kaap,  in  the 
Teaksvaal,  South  Apbica.  By  W.  Hbnbt  PBiranNO,  Esq., 
F.G.S.,  &c.    (Read  May  27,  1885.) 

Contents. 

!1.  Estimated  Extent  of  the  Gold  Country. 
2.  Lydenburg  and  De  Eaap  Goldfields. 

1.  Geology  of  the  Eaap  Valley  &c. 

2.  Ghranitic?  Bocks, 
a  Silurian  ?  Rocks. 

4.  Sections  and  Eeefs,  Or-f. 

5.  DeTonian  ?  Bocks. 

6.  Sections  and  Auriferous  Deposits,  a'-q*, 

13.  AUurial  Auriferous  Deposits. 
4.  Gold  and  Nuggets. 
5.  Other  Metals  and  Minerals. 
6.  The  Diorite  Dykes. 

§  1.  Estimated  Extent  of  the  Gold  Countet. 

The  goldfields  of  the  Tati  are  about  100  miles  beyond  the  Limpopo 
River,  the  northern  boundary  of  the  Transyaal,  and  those  of  Hartley 
Hill  are  250  miles  still  further  towards  the  interior.  These  fields 
have  been  described  by  the  late  Mr.  Thomas  Baines,  F.R.G.S.,  in  his 
work  on  '  The  Gold  Regions  of  South-eastern  Africa '  •,  and  prove  the 
extension  of  auriferous  veins  through  at  least  7^  degrees  of  latitude, 
t.  e.  from  the  Kaap  Valley  to  Hartley  Hill  (18°  to  25*^  30'  S.). 
Prom  the  gold-lodes  west  of  Pretoria  to  the  site  of  Herr  Carl  Mauch's 
discovery  near  the  Olifanf  s  River  in  1868,  a  space  intervenes  cover- 
ing three  degrees  of  longitude  (28°  30'  to  31°  30'  E.).  Gold  has  been 
found  at  many  points  within,  as  it  must  also  be  found  beyond,  the 
area  thus  arbitrarily  limited,  which  certainly  covers  not  less 
than  100,000  square  miles. 

§  2.  Ltdenbubo  akd  De  Kaap  Goldfields. 

The  Lydenburg  and  De  Kaap  Goldfields,  as  at  present  known,  are 
included  within  a  line  passing  W.  from  the  northern  point  of  Swazi- 
land, through  the  Tafelkop  mountains,  thence  N.  through  Lydenburg 
and  along  the  Orighstad  River  to  its  junction  with  the  Blyde.  Now 
turning  S.,  the  line  follows  the  edge  of  the  beig,  or  eastern  face  of 
the  Drakensberg  mountains,  to  near  Spitzkop,  and  thence  back  to  its 
starting-point  on  the  border-mountains  of  Swaziland.  (See  Map, 
Quart.  Joum.  Geol.  Soc.  voL  xl.  p.  658 ;  and  Map  in  the  Joum. 
Soc  Arts,  vol.  xxxii.  1884,  p.  609.)  This  area  extends  over  about  1^ 
d^ree  of  latitude  (24°  35'  S.  to  25°  50'  8.),  and,  on  the  average,  half 
a  degree  of  longitude  (30°  30'  to  30°  45'  on  the  N.,  31°  15'  on  the 
8.),  thus  being  about  3000  square  miles.  For  some  notes  on  this 
country  see  a  paper  by  the  author  in  Joum.  Soc.  Arts,  vol.  xxxii. 
1884,  p.  608. 

•  Stanford,  London,  1877. 
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The  physical  features  of  the  triangular  tract  of  country  occupied 
by  the  Lydenburg  and  Be  Kaap  goldfields,  between  Swaziland, 
the  Tafelkop,  and  the  junction  of  the  Blyde  and  Orighatad  riven,  may 
be  briefly  described.  The  western  side  is  upon  the  Drakensberg 
mountains,  the  highest  part  of  the  range  following  a  nearly  N.  and 
S.  line,  from  near  the  junction  of  the  rivers,  by  Mauch's  Berg  and 
Spitzkop  to  the  Tafelberg,  whence  the  Kaap  mountains  branch  off 
to  the  E.  towards  the  M^oujwa  mountains,  which  form  the  N.W. 
boundary  of  Swaziland.  Part  of  the  range  N.  of  the  Tafelberg,  and 
between  it  and  the  Krokodil  Eiver,  is  named  the  <'  Godwaan  Plateau." 
The  Drakensberg  mountains  fall  gradually  away  to  the  W.,  but 
present  a  very  precipitous  face  (or  "  krantz,"  as  it  is  called)  to  the 
E.  This  krantz  overlooks  the  lower  country,  which  is  traversed  by 
the  Sabie  and  Erokodil  Eivers,  with  their  affluents,  the  united  waters 
of  which,  with  those  of  the  Eomati,fall  into  the  Lidian  Ocean  north 
of  Delagoa  Bay. 

It  is  a  noteworthy  feature  that  the  sources  of  most  of  these  rivers 
are  a  long  way  to  the  westward  of  the  highest  parts  of  the  mountain- 
range.  The  general  surface  slopes  W.,  but  the  rivers  flow  E.,  pass- 
ing through  deep  gorges,  called  ''  poorts,"  in  the  mountains.  The 
Blyde  and  Orighstad  rivers  unitp  at  the  back  of  the  range,  and  pass 
through  the  "  Blyde  Poort."  The  Eland's  Spruit  joins  the  Krokodil 
Eiver,  just  behind  the  Godwaan  Plateau  and  before  entering  the 
'<  Krokodil  Poort."  In  a  similar  manner  the  Komati  and  EIrokodil 
Rivers  unite  (further  to  the  east)  just  before  passing  through  the 
"  Lower  Komati  Poort "  in  the  Lebombo  Mountains  *. 

Mauch's  Berg  is  the  highest  feature  of  the  range,  but  Spitzkop  is 
the  most  prominent,  being  an  isolated  peak  in  the  midst  of  a  com- 
paratively level  plain  or  terrace  which  borders  the  low  country. 
There  are  very  few  places,  except  in  the  valleys,  from  which 
Spitzkop  cannot  be  seen,  within  a  radius  of  fifty  or  sixty  miles. 
"  In  the  angle  formed  by  the  junction  of  Eland's  Spruit  with  the 
Krokodil  Eiver  is  the  Godwaan  Plateau,  an  elevated  tract  some  four 
or  five  miles  in  width  "  t. 

1.  T?ie  Oeology  of  the  Kaap  VaUey  ^e, — ^The  following  are  the 
main  geological  features  observed  by  me  while  travelling : — 

The  oldest  rocks  of  the  goldfields  are  those  of  the  Kaap  YaUey 
and  those  bordering  the  Krokodil  Eiver,  as  far  as  yet  exconined, 
also,  doubtless,  occupying  the  almost  unknown  region  '*  below  the 
berg"  in  the  direction  of  the  Blyde  Poort. 

2.  Oranitic^  Bocks, — An  intrusive  plutonic  rock,  geologically 
newer  than  the  stratified  rocks,  but  still  in  an  inferior  position, 
occupies  the  whole  of  the  lower  ground  of  the  western  part  of  the 
Kaap  Yalley.  It  resembles  coarse  granite,  and  consists  of  quartz 
and  felspar,  with  but  little,  if  indeed  any,  mica  in  its  composition. 
Although  this  granite  (for  such  it  may  be  called)  forms  generally 

•  See  "  A  Sketch  of  the  High-level  OoalfieldB  of  South  Africa,"  read  befora 
the  Society  on  5th  March,  1884  (Q.  J.  G.  a  toL  xL  p.  658).  See  also  LoTedaj*! 
Map  of  the  Lydenburff  Gk>ldfield,  Pretoria,  1883. 

t  *  Guide  to  the  Goldfields  of  South  Africa/  Pretoria,  1883^  pp.  44-46. 
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the  lower  ground  of  the  head  of 
the  yallej,  it  rises  into  hills  and 
ridges,  some  of  which  have  a  con- 
siderable elevation.  In  some  oases 
it  has  weathered  into  bare  round- 
ed bosses  bearing  a  striking  re- 
semblance to  roches  moutannees; 
but  over  the  greater  part  of  the 
area  the  surface  of  the  granite  is 
decomposed  into  a  soft  brown 
substance  very  much  like  an  allu- 
vial loam. 

In  the  Kaap  Yalley  the  surface 
of  the  granite  forms  an  ellipse 
about  17  miles  in  length  by  10 
miles  in  width,  with  a  narrower 
prolongation  in  a  northerly  direc- 
tion. It  widens  out  again  towards 
the  Erokodil  River,  beyond  which 
it  passes  in  under  a  series  of  rocks 
which  rest  unconformably  upon 
those  with  which  it  has  thus  far 
been  in  contact,  and  which  will 
probably  be  found  to  occupy  the 
remainder  of  the  Eaap  Valley. 

This  mass  of  granite  represents 
a  great  centre  of  plutonic  up- 
heaval, of  course  posterior  to  the 
period  of  the  Kaap-valley  rocks, 
which  it  has  greatly  tilted  all 
around  its  margin ;  it  was,  how- 
ever, anterior  to  the  deposition  of 
the  rocks  of  the  overlying  uncon- 
formable formation,  as  they  are 
still  nearly  horizontal. 

3.  Silurian^  iJoc^.— Nearly  all 
around  the  granite  centre  is  a 
series  of  rocks  which  have  been 
tilted  by  it  into  a  more  or  less 
vertical  position.  These  rocks  are 
siliceous  and  argillaceous,  rarely, 
and  then  but  slightly,  calca- 
reous, being  mainly  schists,  shales, 
cherts,  and  quartzites.  I  believe 
them  to  be  ^'Silurian"  rooks; 
but,  with  the  exception  of  an 
unreliable  report  of  Graptolites 
having  been  observed,  there  has 
been  hitherto  (so  far  as  I  am  aware) 
a  total  absence  of  fossil  evidence. 
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Both  the  granite  and  the  stratified  rocks  of  this  region  are  tra- 
Tersed  hy  intrusive  dykes  of  trap-rock,  mostly  diorite,  some 
narrow,  others  of  great  width,  and  frequently  traceable  at  the 
surface  for  many  miles.  The  main  dykes  genendly,  but  not  always, 
follow  a  nearly  N.  and  S.  line ;  the  branches  run  in  yarious  direc- 
tions. 

4.  Sections  and  ^*  Beefs "  a-f, — a.  At  the  southern  extremity 
of  the  granite*  some  gold-mining  has  been  carried  on  upon  what  is 
known  as  "  Hoodie's  Reef."  This  **  reef "  is  situated  just  N  of 
"  Crawford  Creek  "  (so  called  on  Loveday's  map)  which  flows  here 
nearly  E.,  then  turns  northward  to  join  the  Kaap  River.  This  creek 
is  really  a  very  deep  goi^ ;  on  the  south  side  the  mountain  rises  to 
perhaps  1500  feet  in  height ;  on  the  north  a  long  spur  branch^  out 
from  the  mountain,  also  following  an  easterly  direction,  its  ridge 
gradually  descending,  but  being  at  this  point  about  800  feet  high. 
It  coincides  with  the  strike  of  the  beds,  which  are  vertical,  as  Uie 
creek  coincides  with  this  also  until  it  rounds  the  end  of  the  spur 
and  turns  towards  the  flat  to  the  north.  A  difference  in  the  com- 
position of  the  beds  has,  doubtless,  been  the  chief  cause  of  the 
formation  of  this  steep  and  peculiar  gorge,  roughly  parallel  to 
the  boundary  of  the  granite  flat,  from  which  it  is  separated  only 
by  the  narrow  but  lofty  ridge  along  which  some  of  tiie  mines  are 
situated. 

The  rocks  of  the  ridge  are  schists,  shales,  cherts,  and  sandstones, 
which  strike  a  little  S.  of  E.,  and  have  a  dip  of  about  90^,  that  is, 
they  are  nearly  vertical.  A  bed,  or  "  seam,"  of  white  crystalline 
quartz  occurs  about  the  centre  of  the  ridge,  coinciding  with  it  and 
with  the  ordinary  stratified  rocks  in  strike  and  dip. 

The  rocks  of  the  mountain  are  principally  cherts,  with  some 
highly  altered  shales,  the  same  in  s^ike  and  dip  as  those  of  the 
ridge.  In  the  gorge  are  loose  pieces  of  chlorite-schist,  but  that 
rock  was  not  seen  here  in  place. 

A  few  miles  to  the  south  on  the  high  lands,  in  a  farm  t  cursorily 
inspected,  the  rocks  seen  along  the  lines  traversed  were,  in  ascend- 
ing order  from  the  edge  of  the  mountain,  cherts,  shales,  and  sand- 
stones, schists  and  conglomerates.  The  beds  strike  E.SJB.  and  are 
nearly  vertical,  but  not  quite  so  much  so  as  nearer  the  granite  ;  they 
dip  about  85°  to  the  S. 

<'  Moodio*8  Reef*  (so  called)  consists  of  a  deposit  of  white  crystal- 
line quartz,  of  the  kind  known  by  miners  as  "  sugary  quartz,'*  varying 
from  1  foot  to  2  feet  wide,  and  interstratified  with  the  rocks  of  the 
district.  It  might  possibly  happen  for  it  to  occupy  such  position  even 
if  it  were  a  true  vein  or  lode ;  but  I  must  consider  it  as  a  6e(2  of 
auriferous  quartz.  It  is  just  as  much  so  as  the  schists  and  oheits 
are  beds,  because  in  so  many  instances,  and  over  so  large  an  area, 
gold-bearing  deposits  of  quartz,  whatever  may  be  the  strike  and  dip 
of  the  beds,  occupy  a  similar  position.  This  is  not  by  any  means  the 
usual  mode  of  occurrence  of  gold,  which  is  mostly  found  in  veins, 

*  In  Farm  no.  492  on  LoTeday's  map. 
t  No.  505  on  Loreday's  map. 
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although  "  it  is  also  more  rarely  met  with  in  the  form  of  grains  in 
the  shales  and  other  unaltered  stratified  rocks  "  * :  and  *'  hands  of 
different  kinds  of  iron- ores  are  said  to  occur  in  some  of  the  day- 
ironstone  interstratified  with  the  slates,  and  associated  with  these 
are  certain  conformahle  heds,  from  which  the  greatest  riches  of  gold 
have  been  obtained  "  t. 

Mr.  J.  A.  Phillips  (quoting  Mr.  R.  B.  Smyth)  says  : — "  Gold  is  now 
found  to  occur  not  only  in  the  quartz-veins  and  in  ihe  alluvial  deposits 
derived  from  them  and  the  surrounding  rocks,  but  also  in  the  clay- 
stone  itself;  and,  contrary  to  expectation,  flat  bands  of  auriferous 
quartz  have  been  discovered  in  dykes  of  diorite,  which  intersect  the 
Upper  Silurian  or  Lower  Devonian  rocks.  Quartz  of  extraordinary 
richness  has  been  obtained  from  these  bands  "  X'  In  the  former  case, 
bands  are  said  to  occur,  but  would  appear  to  be  exceptional ;  in  the 
latter  the  flat  bands  are  in  dykes  of  diorite,  therefore  veins,  and  not 
beds  at  alL  The  auriferous  beds  now  described  are  numerous  and 
rich,  in  both. the  Silurian  (?)  and  Devonian  (?)  formations,  and 
possess  an  additional  interest  from  their  (so  far  as  I  am  aware) 
navel  mode  of  occurrence. 

One  side  of  the  quartz  seam  called  "  Moodie's  Eeef,"  which  would 
be  its  north  wall  if  a  true  vein,  but  is  what  waa  originally  its  under- 
side as  a  bed,  is  plentifully  sprinkled  with  specks  of  gold,  rather 
fine,  but  still  quite  visible  to  the  naked  eye.  There  is  gold  also  in 
the  body  of  the  quartz ;  but,  so  far  as  I  have  been  able  to  ascertain, 
only  in  small  quantity.  The  abundance  of  the  metal  on  one  side 
must,  however,  give  a  good  average  yield  of  gold  per  ton.  On  the 
same  side  of  the  quartz  there  is  also  a  streak  of  green  mineral,  not 
carbonate  of  copper,  which  at  first  sight  it  resembles,  but  probably 
chlorite  or  some  form  of  serpentine,  traces  of  which  are  also  apparent 
in  the  body  of  the  quartz. 

There  are  other  seams  of  auriferous  quartz  in  the  immediate 
vicinity ;  some  of  these,  discovered  before  the  time  of  my  visit,  did 
not  come  under  my  notice — others  have  been  opened  since,  and 
some  of  them,  the  *'  Ivy  Eeef"  for  example,  are  said  to  be  very  rich 
indeed  in  gold. 

h.  Some  miles  east  of  Moodie's  Reef  the  **  Umvoti  Reef  occurs  as 
a  seam  of  dark-grey  quartz,  sometimes  almost  black  and  flint-like 
in  appearance.  This  seam  is  also  in  the  bedding  of  the  rocks,  which 
are  hard  dark-coloured  schists,  quite  vertical,  but  here  striking  to  N  Jl, 

The  "  Umvoti  Reef "  is  also  a  seam  (in  the  bedding)  of  dark- 
grey  quartz,  varying  from  6  to  12  inches  in  thickness,  and  contains 
fine  gold ;  the  sample  assayed  by  myself,  and  in  which  no  gold  was 
visible,  yielded  the  metal  at  the  rate  of  16  oz.  13  dwt.  8  grs.  to  the 
ton§. 

c.  "Barber's  Reef"  is  close  by  the  Umvoti,  but  appears  to  be  a 
true  lode,  as  it  is  transverse  to  the  strike  of  the  stratified  deposits. 

*  Jukea's  *  Manual  of  Geology,'  3rd  edit.  1872,  p.  303. 
t  Ibid,  p.  305.  I  *  Elementa  of  Metallurgy,'  1874,  p.  693. 

§  Described  in  the  author's  B^rt,  November  1884,  as  yielding  gold  in  the 
proportion  of  from  1  to  140  oz.  per  ton  of  2000  lbs. 
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It  is  of  a  different  character — a  creamy-white  compact  quartz-reef, 
from  4  to  6  feet  wide,  dipping  E.  70''  and  striking  E.  of  N.,  whilst 
the  stratified  rocks  here  strike  N.E.,  a  difference  of  upwards  of 
30  degrees. 

d.  Still  skirting  the  granite,  hut  now  in  a  northerly  direction,  we 
come  to  the  *'  Caledonia  Beef,"  on  the  southern  or  right-hand  bank 
of  the  Kaap  Eiyer.  The  rocks  here  are  schists,  shales,  cherts, 
and  quartzites,  nearly  vertical  and  striking  N.N.W.  by  N.  In 
one  place,  upon  an  isolated  hill  some  700  or  800  feet  above  the 
river,  the  reef  was  exposed.  It  is  a  seam  of  quartz,  whidi  may  or 
may  not  be  exactly  in  the  bedding,  in  close  contiguity  to  a  large 
dyke  of  trap-rock. 

The  "  Caledonia  Reef  **  apparently  strikes  with  the  strata,  and  is 
a  vein  of  grey  quartz,  slightly  honeycombed,  the  cavities  generally 
filled  with  limonite  and  sometimes  enclosing  crystals  of  carbonate 
of  copper  and  other  minerals.  The  vein  passes  down  vertically, 
varies  from  12  to  18  inches  in  width,  and  is  auriferous  throughout. 

Although  this  reef  strikes  almost,  or  quite,  in  the  same  direction 
as  the  schistA,  I  am  inclined  to  regard  it  as  a  true  vein  rather  than 
as  a  seam  or  bed,  because  there  are  smaller  veins,  or  *•*■  leaders," 
branching  from  it  with  a  different  direction ;  also  because  there  is, 
on  the  west  side,  another  reef  of  quartz,  greatly  resembling  that  of 
Hoodie's  Beef  and  following  a  somewhat  transverse  direction.  As 
both  cannot  coincide  with  the  local  strike,  one,  at  least,  must  be  a 
true  vein ;  of  the  two,  I  think,  for  the  reasons  given,  that  one  is 
the  Caledonian  reef.  The  other  reef  <*  gave  a  prospect  of  coarse 
gold  upon  being  simply  crushed  and  washed  "  on  the  groxrnd. 

e.  Some  7  or  8  miles  due  north  from  the  Caledonia  Beef,  the 
rocks  on  two  other  gold-bearing  properties  were  found  to  ^  consist 
of  siliceous  beds  so  highly  altered  and  contorted  as  to  have  been,  in 
part,  converted  into  jasper.  Further  east,  and  probably  higher 
in  i^e  series,  shales  come  in,  then  another  series  of  hard  grey 
schists ;  the  same  strike,  W.N.W.,  and  the  same  vertical  position 
being  still  maintained.  These  old  stratified  rocks  are  travmed  by 
dykes  of  diorite  and  other  plutonic  rocks  in  various  directions"*. 

Just  west  of  Kaffir  Spruit  a  seam  has  been  opened  of  **grey 
quartz,  much  stained  by  oxide  of  iron.  This  vein  can  be  followed  for 
a  considerable  distance,  striking  W.N.W. — it  is  almost  vertical,  b«t 
hades  slightly  to  the  eastward.  It  is  18  or  20  inches  wide,  and 
carries  gold,  as  tested,  in  the  proportion  of  2  oz.  I  dwt.  1  gr.  to  Uie 
ton  of  2240  lbs.  Two  other  trials  of  the  same  stone  gave  a  mean 
yield  of  1  oz.  15  dwt.  14  grs.  to  the  ton. 

'^  To  the  west  of  the  above  lode  are  some  leaders  of  black  quartz, 
which  gave  '  good  prospects '  of  gold.  On  the  east  side  of  Kafir 
Spruit  is  a  vein  of  grey  quartz,  18-24  inches  wide,  apparently  a 
continuation  of  the  above  lode,  being  just  in  the  line,  and  having  the 
same  width  and  direction  t^ .  This  is  evidently  an  interstratified 
seam,  being  cmncident  with  the  shales  in  dip  and  direction  of 
strike. 

*  The  author's  Beport,  Nov.  1884.  t  E«port»  Nov.  1884. 
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/.  Several  miles  to  the  N.W.,  and  still  bordering  the  granite,  vre 
come  to  the  so-called  "  Welcome  Eeef,"  on  the  south  bank  of  the  Lam- 
pongwana  riyer,  and  10  or  12  miles  dne  east  of  De  Kaap.  Here  the 
rocks  are  similar  to  those  of  the  Caledonia  reef,  a  soft  talcose  or 
steatitic  foliated  schist  being  also  exposed — still  vertical,  but  now 
striking  N.W.  The  reef  is  a  seam  of  quartz,  apparently  striking 
with  the  stratified  rocks. 

The  "  Welcome  Reef"  appears  to  follow  the  strike  of  the  rocks, 
N.W.,  but  this  is  not  certain,  and  it  dips  somewhat  into  the  hill  on 
the  west,  whilst  the  strata,  being  here  tilted  by  the  granite,  might  be 
expected  tp  dip,  if  at  aU,  the  other  way ;  the  evidence,  however, 
is  very  obscure.  The  lode  varies  from  6  inches  to  6  feet,  and 
consists  of  white  and  tinted  glassy  quartz,  containing  much  earthy 
carbonate  of  copper  and  oxide  of  iron,  with  occasional  specks  of 
visible  gold.  Some  veinstone,  taken  at  a  depth  of  15  feet,  yielded 
gold  at  the  rate  of  1  oz.  4  dvrt.  21  grs.  per  ton.  All  stone  having 
been  rejected  in  which  the  metal  could  be  seen,  it  will  be  within 
reasonable  bounds  to  assume  an  average  of  between  1|  and  1^  oz. 
per  ton. 

The  above  observations  extend  about  two  thirds  around  the  cen- 
tral boss  of  granite,  and  show  that  thus  far  the  strike  of  the  stratified 
rocks  coincides  with  its  margin,  varying,  as  it  does,  from  S.  of  E., 
through  N j;.  and  N.N.W.  to  W.N.W.  This  affords  ample  evidence 
that  their  upheaval  into  a  vertical  position  is  due  to  the  intrusion 
of  the  granite.  Along  the  western  side  of  the  granite  the  same 
phenomenon  is  evident,  although  not  so  clear,  ovnng  to  slips  and 
accumulations  of  talus  under  the  high  krantz;  but  the  edges  of 
vertical  rocks  may  be  occasionally  seen,  striking  in  a  generally 
northerly  direction.  I  think  there  can  be  but  little  doubt,  if  any, 
that  the  Kaap  Mountains  and  the  Godwaan  Plateau  nearly  coincide 
vrith  the  margin  of  the  granite. 

The  north-westerly  strike,  which  was  the  last  observed,  appears 
to  be  continued,  but  rather  more  westerly,  beneath  the  Godwaan 
Plateau,  as  vertical  schistose  rocks,  with  W.N.W.  strike,  are  seen 
in  the  bottom  of  the  Eland's  Spruit  valley.  Between  those  points 
there  is  a  ridge  or  spur  jutting  out  from  the  "  berg  "  a  little  N.  of 
De  Kaap,  in  an  E.N.E.  direction.  The  beds  forming  this  ridge  are 
quartzose  foliated  schists,  of  a  peculiar  character  and  different  from 
anything  I  have  seen  elsewhere.  The  strike  of  the  beds  coincides 
with  the  ridge,  W.S.W.,  and  they  dip  very  sharply  to  the  N.,  in- 
deed are  almost  vertical.  To  the  north  of  the  ridge  the  granite 
again  comes  to  the  surface,  and,  as  stated  before,  widens  out  towards 
the  Krokodil  Eiver,  and  then  passes  in  under  a  series  of  rocks 
newer  than  those  above  briefly  described.  It  probably  forms  the 
low  country  "  below  the  berg,"  or  rather  perhaps  the  flank  of  the 
mountains  to  the  north,  and  sweeps  round  by  the  Olifant's  Biver, — 
at  any  rate  granite  has  been  observed  far  away  to  the  northward. 
'*  Beyond  the  Limpopo  both  Jeppe's  and  Baines's  maps  indicate 
*  Granite '  up  the  Bubye  Biver,  and  the  latter  portrays  a  *  high 
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granitic  range '  running  in  a  N.E.  direction  from  lat.  20^  30'  to 
17°30'8.»'; 

5.  Devonian  ?  Bocks. — After  the  rooks  which  I  have  referred  to 
as  Silurian  had  been  tilted  into  their  present  vertical  position  by 
the  upheaval  of  the  central  mass  of  granite  of  the  Kaap  Yalley, 
they  were  cut  down  to  a  "  plain  of  (probably)  marine  denudation.^ 
This  old  plain  is  at  an  elevation  of  1700  or  1800  feet  above  the 
present  general  level  of  the  Kaap  Yalley,  which  has,  of  course,  been 
much  more  recently  excavated.  Upon  the  upturned  and  denuded 
edges  of  the  Silurian  rocks,  those  which  I  here  provisionally  term 
"Devonian"  were  deposited.  (The  *' Megaliesberg  Beds'"  of  my 
paper  on  the  Coalfield,  a  J.  G.  S.  vol.  xL  p.  660.) 

At  the  base  of  these  Devonian  rocks  is  frequently  seen  a  series  of 
conglomerates  and  sandstones  (with  some  shales),  which  is  fairly 
well  exposed  about  De  Eaap,  *^  formed  from  the  waste  of  the  under- 
lying Silurian  beds,  and  of  any  quartz  veins  that  they  may  have 
enclosed  "t.  The  Kaap  sandstones  are  highly  crystalline,  some 
coarse,  others  fine  in  texture,  in  thick  beds  which  have  weathered 
into  massive  tabular  blocks,  which  impress  a  peculiar  distinctive  cha- 
racter upon  the  appearance  of  the  country. 

These  sandstones  and  conglomerates  thin  out  to  the  north,  as  the 
immense  series  of  shales  (with  occasional  sandstones),  by  which  they 
are  overlain,  rests  directly  upon  the  granite  on  the  other  side  of  the 
Krokodil  River.  At  De  kaap  they  sdBTord  additional  evidence  that 
rich  gold-lodes  exist  below  tiiem,  or  at  no  great  distance,  in  the 
Silurian  rocks  from  which  they  were  derived ;  for  they  are  frequently 
auriferous,  containing  not  only  fine  gold  but  nuggets,  especially  the 
conglomerates.  An  analogous  case,  but  of  course  one  of  recent 
date,  is  the  occurrence  of  fine  gold  in  the  sand  of  the  sea^shore  (and 
probably,  of  course,  gold  in  the  gravels)  upon  the  west  coast  of  New 
Zealand. 

Above  the  sandstones  comes  a  very  large  series  of  shales  and  flag- 
stones, fissile  and  thin-bedded,  which  generally  are  grey,  but  weather 
to  yellow  or  dirty  yellow  or  dirty  brown.  In  some  localities,  as 
along  the  valley  of  the  Eland's  Spruit,  there  occurs  a  series  of  cherts 
and  quartzites,  which  appear  to  replace  the  lower  shales. 

High  up  in  the  shales,  but  not  by  any  means  near  the  top  of  them, 
are  two  or  more  series  of  a  peculiar,  blue,  fine-grained,  calcareo- 
siliceous  rock,  to  which  Mr.  A.  C.  Cruttwell  and  myself  have  given 
the  name  of  "  chalcedolite."  We  adopted  this  term  in  consequoioe 
of  the  chalcedonic  texture  frequently  displayed — indeed,  some  por- 
tions of  the  rock  are  true  chalcedony.  Sometimes  it  occurs  in 
amorphous  masses,  weathered  to  a  grey  colour,  and  to  a  pecoHar, 
rough,  trachyte-like  surface ;  but  mostly  in  thin  beds,  2  or  3  inches 
in  ^ckness,  with  earthy  partings,  the  lines  of  lamination  being 
wavy  and  indistinct,  except  where  exposed  by  weathering.  The 
rock  appears  to  be  the  result  of  intermittent  deposition,  probably 

*  Guide  to  the  Gk>ldfielda,  p.  62. 
t  Beport,  Deo.  1884. 
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in  an  inland  sea,  from  water  holding  mnoh  silica  and  some  lime  in 
solution. 

The  chief  exposure  of  these  chalcedolites  is  along  the  Blyde-river 
valley,  best  seen  on  its  western  side  or  escarpment,  where  the  rock 
occurs  in  two  series,  the  lower  several  hundred  feet  in  thickness, 
with  shales  above,  below,  and  between.  It  contains  fine  gold  in 
places,  and,  where  in  a  decomposed  state,  it  has  been  worked  as  so- 
caUed  **  rotten- reef  "  to  a  considerable  extent.  There  are  numerous 
old  workings  in  it,  following  fissure-veins  or  old  weathered  crevices, 
frequently  on  an  extensive  scale,  as  in  Botunda  Creek,  which  opens 
to  the  Blyde  River,  and  again  a  few  miles  to  the  west  of  Pretoria. 

Still  higher  up  in  the  shales,  there  are  series  of  sandstones,  some 
compact  and  very  highly  metamorphosed,  others  more  coarsely 
crystalline,  and  resembling  i^ose  of  De  Eaap.  These  and  the  asso- 
ciatad  conglomerates  are  sometimes  found  to  be  auriferous. 

These  Devonian  rocks  moreover  are  traversed  by  dykes  of  diorite 
and  other  trap  rocks ;  and  immediately  upon  them,  with  an  uncon- 
formity not  very  strongly  marked,  but  still  probably  representing  an 
extended  period,  rest  the  "  High-Veldt  Beds  "  ♦. 

6.  Sections  and  Auriferous  Deposits ^  a'-q', — ^The  following  are 
brief  notes  of  sections,  commencing  on  the  south  at  De  Kaap,  and 
ending  on  the  north  in  the  Orighstad  Valley : — 

a'.  At  De  Eaap  '*  the  lowest  rocks  of  this  series  are  highly  crys- 
talline sandstones  and  conglomerates Immediately  above  the 

sandstones  is  a  series  of  shales ; "  these  are  overlain  by  another 
series  of  sandstones  on  the  higher  ground  to  the  west,  succeeded 
by  more  shales  which  pass  in  under,  or  are  replaced  by,  the  cherts 
and  quartzites  of  the  Eland's-Spruit  Valley. 

The  conglomerates  here,  and  in  a  less  degree  the  sandstones,  are 
auriferous  (see  above,  p.  576).  The  shales  above  the  sandstones 
enclose  veins  of  auriferous  quartz,  one  of  which  yielded  gold  at  the 
rate  of  upwards  of  an  ounce  to  the  tout. 

6'. — The  Godwaan  Plateau  is  on  the  upper  of  the  two  series  of 
sandstones,  which  are  exposed  to  a  considerable  depth  in  many 
natural  sections,  such  as  krantzes  and  caves,  as  well  as  in  the 
mines.  Shales  occupy  the  surface,  sloping  down  towards  Eland's- 
Spruit  yalley ;  both  these  and  the  sandstones  are  crossed  by  quartz 
reefis  and  dykes  of  diorite. 

There  are  several  *^  reefis "  on  this  plateau,  some  of  them  being 
very  rich  in  gold.  (1)  The  "  Homeward-Bound  Beef,"  which,  so  far 
as  opened,  is  a  vein  of  soft  saccharoid  quartz,  with  some  hard  quartz, 
much  earthy  matter,  and  bxide  of  iron,  several  feet  in  width, 
striking  N.  and  S.,  and  enclosed  in  fairly  well-defined  walls.  The 
lode,  however,  is  much  split  up,  and,  as  it  were,  spread  out  near  the 
surface,  becoming  more  compact  and  regular  below.  I  have  no  data 
for  esthnating  the  yield  of  gold  from  this  lode,  which  is  certainly 
rich,  for  some  hundreds  of  ounces  are  obtained  every  week  by  small 
machinery.    The  gold  is  remarkably  fine,  like  flour,  and  requires, 

*  Quart  Journ.  Qeol.  See  vol.  xL  (1884),  p.  660. 
t  Eeport,  Dec.  1884. 
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therefore,  great  care  in  manipulation.  There  is  a  casing  of  gr^, 
honeycombed  quartz,  several  inches  thick,  on  the  west  side  of  the 
lode,  which  contains  silver.  I  have  made  no  assay  of  this,  but  was 
informed  that  Messrs.  Johnson  and  Matthey  had  certified  16  os.  to 
the  ton. 

(2)  Three  or  four  hundred  yards  to  the  east  is  "  Bautenbach's 
Eeef,"  a  mass  of  soft,  earthy,  auriferous  ground,  which  appears  to 
occupy  nearly  the  whole  of  the  ridge  parallel  to  that  of  the  '  Home- 
ward Bound  Reef."  There  are  in  it,  however,  numerous  quartz 
strings,  dipping  from  either  hand  towards  a  central  line,  and  seeming 
to  indicate  a  downward  extension  of  the  lode  in  a  more  restricted 
form.  Some  spots  are  very  rich  in  fine  gold,  others  poor  and  even 
barren,  the  metal  not  being  at  all  equally  distributed. 

Since  my  last  visit  to  this  place,  I  have  received  a  letter,  dated 
13  Dec,  1884,  fron^  which  the  following  is  a  short  extract : — "  In 
continuing  the  large  cutting ....  I  have  come  on  a  very  large  lode 
of  rich  quartz  ;  it  is  about  18  feet  wide,  and  runs  to  all  appearance 
due  E. ;  it  seems  to  branch  out  from  the  Homeward  Bound  Beef.  I 
have  taken  out  of  it  to-day  aboul  60  tons,  and  it  is  very  easily 
worked."  There  are  other  aunferous  reefs  on  the  plateau,  some 
rich  in  gold,  but  only  the  above  are  yet  opened  to  any  extent. 

c'.  About  14  miles  to  the  westward  of  the  Godwaan  Plateau,  I 
have  examined  a  block  of  farms  on  the  table>land  between  Eland's 
Spruit  and  the  Krokodil  Elver,  finding  the  rocks  to  be : — "  Sandstones 

on  the  higher  ground resting  upon  grey  thin-bedded  shales. 

which,  in  turn,  rest  upon  a  series  of  beds  of  chert,  quartzite,  and 
arenaceous  shales  "  ♦. 

Upon  the  block  of  farms  between  Eland's  Spruit  and  the  Kro- 
kodil River  I  traced  the  outcrop  of  several  quartz-reefe ;  these  have 
not  been  opened  up,  but  the  surface-specimens  yielded  gold  in  pro- 
mising quantity. 

About  10  miles  still  further  west  the  main  road  from  Natal  passes 
down  a  very  steep  hiU  into  the  Krokodil  Valley,  and  shales  are 
exposed  from  top  to  bottom  of  the  descent,  except  where  intersected 
by  some  large  diorite  dykes. 

About  thirty  miles  further  down  the  valley,  and  on  the  opposite 
side  of  the  Krokodil  River,  the  road  from  Spitzkop  also  com^  down 
a  very  steep  incline.  This  shows  shales  in  its  upper  portion,  whidi, 
part  way  down  the  hill,  rest  directly  upon  the  granite  of  the  Kai^ 
Valley. 

At  the  head  of  the  Stadfs  River,  which  about  here  joins  the 
Krokodil,  I  went  over  a  farm,  finding  it  to  consist  of  shales,  except 
on  the  highest  ground  to  the  N.W.,  which  is  sandstone.  The  whole 
country  from  here  to  Lydenboig  is  nearly  all  shale,  wiUi  sandstcme 
on  the  higher  ridges. 

cT.  Around  Lydenburg  the  rocks  consist  principally  of  a  series 
of  shales,  several  hundred  feet  in  thickness,  with  occasioikal  beds  of 
sandstone,  dipping  to  the  westward.  On  the  Lydenbuig  town- 
lands  "  a  reef  of  quartz,  2  feet  in  width,  crops  out  along  the  top  of 
*  Report,  March  1884. 
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the  ridge  on  the  west  side  of  the  Dorps  Kiver,  striking  N.N.E.,  and 
having  an  easteriy  dip  of  about  80°.  This  reef  is  in  a  diorite  dyke, 
to  the  depth  already  proved  of  over  60  feet,  and  will  yield  gold  at 

the  rate  of  9  dwt.  to  the  ton* The  shales  and  sandstones 

are  highly  metamorphosed  throughout,  but  especially  so  where  in 
contiguity  to  the  numerous  dykes  of  diorite  and  other  plutonic  rocks 
by  which  they  are  traversed  in  various  directions.  As  a  rule,  such 
dykes  are  more  or  less  vertical  in  relation  to  the  strata  through 
which  they  pass;  but  there  are  several  on  the  town-lands  that 
almost  if  not  quite  coincide  with  the  stratification." 

Six  miles  north  of  the  town  the  Pilgrim's-Eest  road  winds  down 
a  steep  hill  to  the  "  drift "  across  the  Spackboom  Biver.  The  road- 
cutting  exposes  grey  shales  aU  the  way  down,  except  where  they 
are  broken  through  and  locally  displaced  by  a  diorite  dyke,  which 
the  section  shows  plainly  in  the  various  stages  of  concentric  weather- 
ing. The  shales  below  the  dyke  are  black,  like  slate  in  appearance 
and  composition,  but  without  any  sign  of  deavage.  (The  absence 
of  true  slate  is  somewhat  remarkable.  I  have  not  yet  seen  it  in  any 
part  of  South  Africa.) 

e'.  Prom  Lydenburg  the  country  and  the  beds  rise  to  the  east- 
ward with  a  long  '^  dip-slope,"  and  a  few  miles  in  that  direction  lies 
the  "  Paarde-Plaatz,"  or  Horse-farm,  belonging  to  the  town.  "  The 
rocks  of  Paarde-Plaatz  are  altered  shales  on  the  western  margin, 
which  overlie  a  series  of  crystalline  false-bedded  sandstones  &at 
crop  out  along  the  edge  of  the  mountain,  and  form  the  higher  grounds 
in  the  centre  and  on  the  east  side  of  the  farm.  These  sandstones, 
in  turn,  rest  upon  another  series  of  shales  that  occupy  the  lower 
grounds,  and  stretch  away  to  the  eastward"  f.  There  are  numerous 
seams  of  quartz,  varying  from  2  to  18  inches  in  thickness,  inter- 
stratified  with  these  sandstones  and  lower  shales,  and  these  will  be 
referred  to  presently,  as  they  are  rich  auriferous  deposits.  There 
are  also  vertical  veins  of  quartz  which  contain  gold. 

Paarde-Plaatz. — In  June  last  year,  when  examining  this  ground, 
I  picked  up  a  loose  piece  of  crystalline  quartz,  very  promising  in 
appearance,  and  in  such  a  position  that  it  must  have  come  from  a 
reef  within  a  short  distance.  It  yielded  gold  at  the  rate  of  upwards 
of  5  ox.  to  the  ton.  There  was  no  sign  of  the  outcrop  of  a  true  lode, 
so  trenches  were  cut  under  my  direction,  and  by  this  means  the 
source  of  the  loose  lumps  of  quartz  was  discovered.  It  proved  to 
be  a  flat  seam  of  red-brown  crystalline  quartz,  perfectly  interstra- 
tified  with  the  bedded  rocks.  Numerous  other  auriferous  quartz- 
seams  coincident  with  the  stratification  were  afterwards  opened  a 
few  feet  apart  in  the  shales  and  sandstones.  These  seams  extend 
over  a  considerable  area,  and  vary  in  thickness  from  1^  to  18  inches, 
and  in  yield  of  gold  (some  barren)  from  9  dwt.  1  gr.  to  6  02.  17  dwt. 
10  gr.  per  ton.  The  average  of  fourteen  assays  of  stone  frt>m  these 
flat  seams,  and  calculated  upon  their  various  thicknesses,  is  3  oz. 
6  dwt.  16  gr.  per  ton. 

*  For  this  and  neighbouring  reefs  aee  the  author^s  Bqport,  Deo.  1884. 
t  Report,  Sept.  1884. 
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There  are  also  auriferouB  lodes  here,  transverse  to  the  bedding ; 
one  "  a  nearly  vertical  reef,  consisting  of  alternate  quartz  and  are- 
naceous streaks,  much  decomposed,  but  presenting  the  general  ap- 
pearance of  a  fissure- vein.  This  lode  varies  in  width  from  a  few 
inches  to  several  feet,  is  locally  irregular,  but  upon  the  whole  follows 
a  well-defined  course  for  several  hundred  yards  along  the  £ace  of 
the  krantz.  .  .  .  The  stone  yields  gold  at  the  rate  of  18  dwt.  16  gr. 
to  the  ton"*. 

/'.  Still  further  east  is  "  Mount  Joker,"  where  the  rocks  "  consist 
principally  of  crystalline  false-bedded  sandstones  overlying  a  series 
of  shales,  which,  in  turn,  rest  upon  another  set  of  similar  sand- 
stones. In  the  sandstones  shales  also  occur  as  well  as  conglo- 
merates, and  frequent  seams  of  quartz,  some  of  which,  where 
tested,  have  been  found  auriferous "  t.  "  Upon  Mount  Joker  a 
seam  of  quartz  crops  out,  or  it  may  be  two  or  more  seams, 
as  the  rugged  nature  of  the  ground  renders  it  difficult  to  trace 
the  line  from  one  prospecting  hole  to  another.  The  quartz  is 
bluish- white,  much  broken  up  at  the  outcrop,  and  contains  much 
oxide  of  iron  and  some  oxide  of  manganese.  It  occurs  interstrati- 
fied  between  an  altered  shale  (almost  a  schist)  below,  and  sandstone, 
also  highly  altered,  above.  At  the  base  of  the  sandstone  there  is 
generally  a  coarse  auriferous  conglomerate,  resting  directly  upon 
the  quartz,  and  varying  from  6  to  15  inches  in  thickness.  The 
quartz  also  varies  in  its  thickness  from  2  to  9  inches,  the  average 
being  about  5  inches."  The  yield  of  gold  varied  from  6  dwt.  to 
4  oz.  18  dwt.  per  ton,  "  equal  to  an  average  on  this  seam  (or  these 
seams)  of  very  nearly  1  oz.  7  dwt.  to  the  ton  "J. 

g\  On  the  south  of  Mount  Joker  is  the  farm  "  De  Kuilen,"  where 
the  beds  are  similar  to  those  at  the  lower  levels  of  that  mountain,  viz. 
shales,  sandstones,  and  shales,  with  a  westerly  dip  of  from  5°  to  7^. 
From  here  all  along  the  8pitzkop  road  only  shales  are  seen,  with 
the  exception  of  intrusive  dykes,  until  near  Boss  Hill,  a  few  miles 
west  of  tiie  Spitzkop  mountain.  On  De  Kuilen  ''  a  quartz  reef  can 
be  traced  from  the  head  of  the  small  gully,  under  the  marshy  ground 
by  the  road,  rising  again  beyond  the  flat."  Its  yield  is  estimated 
at  little  less  than  an  ounce  to  the  ton.  Just  beyond  where  the  road 
passes  down  a  steep  incline  a  quartz-reef  occurs,  with  an  estimated 
yield  of  not  less  than  1  oz.  of  gold  to  the  ton  §. 

hi.  About  Boss  Hill  the  rocks  become  siliceous  in  character. 
Sandstones,  cherts,  and  quartzites,  previously  seen  in  the  deep» 
valleys,  now  come  to  the  surface.  Here  also  chaloedolites  are  seen, 
but  not  in  great  force.  The  mines  of  Boss  Hill  are  partly  in 
"rotten-reef"  and  partly  in  diorite.  I  have  no  definite  data 
respecting  the  gold-veins  here,  but  they  must  be  rich,  as  three 
diggers,  after  working  upon  them  for  about  two  years,  took  away 
6000  ounces  of  gold,  chiefly  derived,  I  believe,  from  quartz-leaden 
in  the  ^^  rotten-reef."  I  have  seen  fine  specimens  of  gold  in  quartz 
from  these  mines. 

*  Bepopt.  Sept.  1884.  i  B«port,  Jan.  1886. 

t  Bepopt,  Jan.  1886.  \  Beport,  Feb.  1884. 
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%'.  South  of  the  Spitzkop  mountain  is  ^*  Grey's  Creek,"  near  the 
mouth  of  which  is  an  old  heading,  driven  60  feet  into  the  hill. 
This  shows  a  seam  of  quartz  from  1  foot  to  2  feet  thick,  between 
decomposed  chalcedolite  above  and  brown  sand  (?  decomposed  dio- 
rite)  below.  These  beds  dip  W.  at  an  angle  of  6°,  and  underlie  the 
shales  that  form  the  high  ground  on  the  west.  The  quartz  seam 
here,  interstratified  with  the  beds,  varies  (where  opened)  from  1  foot 
to  2  feet  in  thickness,  and  yields  an  average  of  3  oz.  12  dwt.  of 
gold  to  the  ton. 

/.  Upon  the  farm  called  '*  Spitzkop,"  north  of  the  mountain  of 
that  name,  are  numerous  cuttings  made  by  the  miners,  nearly  all 
in  shales  and  flagstones.  Towards  the  east  side,  however,  the  more 
siliceous  beds  come  in,  and  where  exposed  in  some  open  mines, 
they  are  much  decomposed,  especially  the  lower  few  feet  resting 
upon  the  saddle  of  a  decomposed  diorite  dyke.  On  the  east  side 
of  the  farm  the  so-called  <*  rotten-reef "  has  been  rather  exten- 
sively worked  in  two  claims,  where  it  rests  upon  the  saddle-back 
of  a  decomposed  diorite  dyke.  The  numerous  quartz-leaders  in 
the  shales  ^Wary  even  in  a  few  feet  from  3  inches  to  |  inch  in 
width ;  they  vary  slightly  also  in  dip  and  direction.  Their  average 
width  may  be  taken  as  1^  inch ;  their  general  dip  S.  50°  to  55° ; 
and  general  direction  E.  to  W.  The  direction  of  the  dyke  being 
W.N.W.,  the  leaders  strike  it  at  an  angle  of  about  20  degrees." 

In  the  shales  are  very  many  thin  veins  of  quartz,  more  or  less 
vertical,  which,  in  the  lower  3  to  5  feet,  are  broken  up  and  indis- 
criminately mixed  with  the  matrix,  thus  forming  a  so-called ''  rotten- 
reef.''  This  term  is  also  applied  to  the  several  feet  of  strata  exposed 
above,  although  less  decomposed. 

Fig.  2.Section  of  "  RotUn-Reef,''  Spitzkop. 

Shaft,  25  ft.  deep. 


^mmmmm 


a.  Tilted  shales, 
c.  The  "  rich  layer." 


6.  Diorite  Dyke. 


The  section,  fig.  2,  shows  a  shaft  25  feet  deep  down  to  the  dyke, 
along  which  a  drive  has  been  made  35  feet  to  the  N.N.W.,  following 
the  downward  dip  of  the  "  rich  layer,"  here  consisting  of  3  feet  of 
"  rotten-reef,"  with  from  1  to  2  feet  of  poorer  "wash"  between  it  and 
the  dyke.  The  shaft  is  sunk  through  contorted  and  partly  decom- 
posed shales,  with  auriferous  quartz-leaders. 
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Three  assays  made  gave : — 

No.  1.     Quartz,  with  oxides  of  iron  and  manganese,  1  oz.  10  dwt 
11  gr.  of  gold  to  the  ton  of  2000  lb. 
No.  2.     3  oz.  6  dwt.  16  gr.  of  gold  to  the  ton  of  2000  lb. 
No.  3.     9  dwt.  2  gr.  of  gold  to  the  ton  of  2000  lb. 

An  open  section  at  Spitzkop  shows  the  upper  part,  consisting  of 
soft  shales,  contorted  by  the  irruption  of  the  dyke  from  below  (as  in 
fig.  3),  with  quartz  leaders  averaging  about  six  feet  apart.  Between 
the  shales  and  the  dyke  occurs  the  ^^  rich  layer  "  of  black  deoomposd 
shale,  traversed  irregularly  in  every  direction  by  broken-up  veins  of 
quartz.  Of  this  layer,  5  feet  thick  and  conformable  to  the  dyke 
below,  the  upper  3  feet  are  very  rich  ;  it  dips  N.  by.  E.  into  the  hill 
at  an  angle  of  10°.  Average  samples  were  taken  from  this  layer  by 
picking  down  through  its  whole  thickness  in  several  places.  The 
relative  proportions  by  weight  were  2|  oz.  of  decomposed  shale  and 
oxide  of  iron  to  1  ox.  of  quartz.  Upon  assay,  the  average  sample 
of  the  rotten-reef  was  found  to  yield  16  dwt.  6  gr.  of  gold  to  ihe 
ton  (2000  lb.). 

Other  neighbouring  sections  of  "rotten-reef,"  shales,  quarts- 
leaders,  and  "  pay-dirt,"  are  described  in  the  author's  Eeport,  July 
1883.  "  Some  shafts  are  sunk  through  what  appears  to  be  an 
interstratified  mass  of  decomposed  diorite ;  if  so,  it  is  an  intrusion, 
probably  from  the  main  dyke,  as  the  shales  are  seen  dipping  imder 
it  from  either  side,  and  disclose  beneath  it  2  feet  of  very  rich  '  pay- 
dirt.'  "     One  of  these  shows : — 

3  feet  surface-soil. 
2    „    rich  "pay-dirt." 
6    „   decomposed  diorite. 
16    „    partly  decomposed  shales  with  six  leaders  passed  tlirough, 
the  lowest  one  nearly  horizontal. 

A  similar  belt  of  rocks  occurs  from  Spitzkop  down  to  ^e  Sabie 
River,  where  the  fine  falls  by  the  roadside  are  slowly  cutting  Uieir 
way  back  in  a  mass  of  sandstone,  in  which  their  waters  have  already 
formed  a  ravine  many  hundred  yards  in  length.  Thence  to  the 
"  Mac  Mac  diggings "  similar  rocks  prevail,  indeed  all  along  the 
level  plateau  which  borders  the  low  country. 

Jc'.  The  farms  "  Lisbon  "  aud  "  Berlyn,"  formerly  called  "  Water- 
fall," are  situated  on  this  plateau,  and  are  now  being  worked  by  a 
gold-mining  company.  The  rocks  here  are  shales,  occasion^y 
arenaceous;  on  the  east  side  are  crystalline  sandstones,  faulted 
against  the  shales*.  Some  of  the  hills  around  are  capped  with 
chalcedolite.  The  shales  are  nearly  horizontal,  and  are  intersected 
at  frequent  intervals  by  veins  of  quartz,  var}ing  from  2  to  6  inches 
in  thickness,  and  dipping  at  a  high  angle.  These  thin  veins  are 
auriferous,  and  appear  to  be  "  leaders  "  f^om  the  main  quartz-reefs, 
which  run  in  a  nearly  N.  and  S.  direction  across  the  property. 
•  See  GeoL  Mag.,  April  1886,  p.  171. 
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The  gold  lodes  consist  of  main  qoartz-reefis  and  transverse  leaders ; 
''These  leaders  are  thin  (a  few  inches  only  in  thickness),  and 
consist  partly  of  white  quartz,  partly  of  oxide  of  iron  and  man- 
ganese. Two  of  them  sometimes  merge  into  one,  and  occasionally 
two  or  more  unite  to  form  a  main  lode  close  to  or  in  contact  with 
the  dyke.  Almost  without  exception  the  gold-mines  of  this  district 
are  in  such  leaders  in  proximity  to  diorite  dykes."  An  average 
yield  of  4  oi.  of  gold  to  2000  lb.  of  quartz  was  the  estimated 
result  of  several  examinations. 

Several  main  and  branch  dykes  of  diorite  are  traceable  for  long 
distances,  and  in  some  instances  are  well  exposed  in  the  open  mines. 
In  two  cases  the  shales  are  sharply  tilted  by  the  dykea  on  ihe  west 

Kg.  3. — Section  of  Diorite  DyJce^  Lishonr-Berlyn. 


a.  Tilted  shale.  h.  Dyke. 

side,  and  in  one  on  the  east  they  are  slightly  contorted  on  the  other 
side.  In  the  section  the  weathering  leaves  hard  kernels  of  blue 
diorite  with  concentric  rings,  semidecomposed,  shading  off  into  the 
soft  brown  mass,  which  otherwise  resembles  an  alluvial  loam. 

l\  A  few  miles  8.W.  of  Waterfall  are  the  farms  about "  Pilgrim's 
Rest,"  belonging  to  the  Transvaal  Gold-Land-and-Exploration 
Company.  The  rocks  here  are  higher  in  the  series  and  are  more 
siliceous  in  character,  the  lower  main  mass  of  chalcedolites  being 
in  considerable  force.  Their  chief  outcrop,  however,  is  along 
the  west  side  of  the  Blyde  Biver.  Here,  dso,  are  many  diorite 
dykes,  one  of  which,  a  small  branch  dyke  in  Pilgrim's-Eest  Creek, 
has  tilted  the  adjacent  beds  inversely  to  the  usual  position. 
With  the  exception  of  the  rich  alluvial  deposits  in  the  creek,  the 
ground  chiefly  worked  here  for  gold  has  been  the  **  rotten-reef," 
similar  to  those  previously  described.  The  chief  of  these  are  at 
Brown's  Hill  and  Ophir  Hill ;  but  I  have  no  data  upon  which  to 
base  an  opinion  as  to  their  value,  which  is  regarded  as  high. 

Crossing  the  Blyde  and  mounting  the  steep  escarpment  to  the 
west,  we  find  shales  cropping  out  from  top  to  bottom,  with  the  ex- 
ception of  the  upper  of  the  two  main  series  of  chalcedolites  inter- 
vening part  way  up  the  hill.  The  shales  have  generally  a  small 
westerly  dip,  but  are  locally  thrown  to  high  angles  and  into  various 
positions  by  plutonic  dykes.  The  chalcedolites  are  much  decom- 
posed, and  a  bed  of  quartz,  at  least  one  foot  in  thickness,  is  seen 
amongst  them.  On  the  summit  of  the  hill  is  a  series  of  crystalline 
sandstones. 
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m.  Just  south  of  the  road  pafising  up  the  escarpment  is  a  piece 
of  ground  called  "  Peach  Tree,"  nearly  all  on  shales,  but  also  with 
sandstones  on  the  top  of  the  hill.  There  is  on  the  table-land  a 
highly  ferruginous  bed,  which  has  been  worked  by  the  natives  for 
iron.  The  shales  are  intersected  by  plutonic  dykes  and  by  two 
nearly  vertical  quartz-reefis,  about  12  inches  wide,  which  strike 
nearly  N.E.,  and  yield  gold  at  the  rate  of  upwards  of  an  ounce 
to  the  ton. 

n.  Following  the  upper  series  of  chalcedolites  a  few  miles  north, 
we  come  to  "  Rotunda  Creek,"  which  affords  sections  at  intervals 
from  the  top  of  the  hill  to  the  Blyde  Biver  ;  and  here  we  find  the 
rocks  following  the  usual  order  of  the  escarpment.  Eotten-reefs, 
containing  fine  gold,  have  been  worked  here.  There  is  also  a  large 
main  reef,  consisting  almost  entirely  of  coarse  crystals  of  quartz,  and 
very  ferruginous ;  it  is  at  least  4  feet  wide,  and  yields  coarse  gold, 
upon  the  average  not  lees  than  4  oz.  to  the  ton. 

o'.  Still  further  north,  "  Kaspar's  Neck  "  is  on  shales  and  quartz- 
ites.  The  lower  series  of  chalcedolites  crops  out  on  the  east ;  the 
upper  series  in  the  small  vaUey  on  the  west. 

p'.  The  small  stream  west  of  Kaspar's  Neck  joins  the  Orighstad 
River ;  and  in  that  valley,  a  few  miles  above  the  junction,  the  rocks 
are,  in  ascending  order,  quartzites  and  cherts,  crystalline  sand- 
stones, shales,  conglomerates,  shales,  quartzites,  and  cherts,  all  dip- 
ping W.  at  a  low  angle.  In  the  Orighstad  Valley  are  some  highly 
crystalline  sandstones,  40  feet  or  more  in  thickness,  which  yield 
gold  several  pennyweights  to  the  ton,  as  do  also  the  conglomerate 
beds  associated  with  them. 

q\  Towards  the  head  of  the  Orighstad  Valley  the  rocks  are  chiefly 
shales  with  sandstones,  having  a  well-defined  conglomerate  at  their 
base,  on  the  hills  and  ridges.  From  this  point  back  to  Lydenburg 
the  surface  is  occupied  by  shales,  sometimes  arenaceous,  which  extend 
almost  without  intermission  to  the  High  Veldt,  where  they  pass 
beneath  the  coal-bearing  formation.  About  the  head  of  the  Origh- 
stad Valley  there  are  many  quartz-reefs,  one  of  which,  over  2  feet 
in  width,  strikes  almost  £.  for  Pilgrim's  Rest,  and  carries  gold  in 
the  proportion  of  more  than  an  ounce  to  the  ton. 

About  the  Speckboom  River,  near  the  "  drifts,"  are  numerous  thin 
veins  of  quartz,  some  in  diorite,  others  in  shale,  all  of  which,  so  far 
as  examined,  contain  more  or  less  gold. 

§  3.  Alluvial  Aubifebous  Deposits. 

In  the  Lydenburg  goldfields  some  few  patches  of  very  rich  allu- 
vial deposits  are  known ;  but,  considering  the  great  extent  of  the  gold- 
bearing  area,  and  the  quality  of  the  reefs  in  some  places,  it  is 
remarkable  that  no  large  alluvial  field,  like  those  of  Australia  and 
California,  has  yet  been  discovered.  Two  years  since,  when  writing 
of  the  Kaap  goldfields*,  I  offered  some  observations  on  the  rirer- 

*  Guide  to  the  Goldfields,  pp.  51,  57. 
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valleyB  and  alluvia,  and  the  probable  occurrence  of  gold  in  those 
that  came  from  rich  quartz-reefs. 

Alluvial  gold  has  since  been  discovered  about  James  Town  on  the 
Lampongwana,  or  Northern  Kaap  Kiver,  and  near  other  streams  in 
the  Kaap  Valley ;  still  the  area  of  payable  ground,  as  far  as  thus 
known,  is  not  sufficiently  extensive  to  support  a  large  digging  popu- 
lation. A  few  of  the  chief  alluvial  deposits  may  be  noticed  in  the 
same  order  as  the  more  permanent  lodes  have  been. 

e.  KqffirSpruit  (p.  57-1). — ^There  is  a  large  quantity  of  loam,  gravel, 
and  similar  alluvial  deposits,  along  the  margin  of  the  river  and 
spruit,  as  also  in  their  tributary  valleys  *.  I  may  add  that  extensive 
diggings  have  been  carried  on  during  the  last  two  years,  near  James 
Town,  with  a  fair  measure  of  success,  in  the  Ls^pongwana 
River. 

A  digger  has  secured  rights  to  a  large  quantity  of  water  (15 
heads)  from  the  river  above; 'and  as  he  proposes  to  bring  it  to 
his  ground  by  cutting  a  race  from  15  to  18  miles  in  length,  it  is 
evident  that  he  has  found  the  deposits  rich  enough  to  warrant  such 
an  undertaking. 

In  several  places  along  the  Kaap  rivers,  and  even  up  to  their 
sources  about  ^e  mountains  on  the  west,  good  alluvial  gold  has  been 
found. 

a'.  De  Kaap  (p.  577). — "  In  all  the  creeks  good  alluvial  gold  has 
been  found  " — at  one  point  in  the  Kantoor  creek  "  the  numerous 
large  nuggets  for  which  the  first '  rush '  to  the  Kaap  was  celebrated  *' 
— at  another,  "  several  claims  were  worked  with  wonderfully  good 
returns."  At- a  spot  south-west  of  the  Kantoor  "  there  is  a  very  rich 
alluvial,  yielding  a  small  proportion  of  reef -gold  from  the  vein  just 
above  .  .  .  and  large  quantities  of  waterworn  gold  from  the  waste  of 
the  conglomerates."  Work  is  being  carried  on  in  alluvial  wash,  and 
from  the  fact  of  a  long  race  and  a  dam  having  been  recently  con- 
structed to  bring  on  the  water,  it  may  be  assumed  with  very  good 
returns  t. 

v.  Qodwaan  Plateau  (p.  577),  *' Barretts  EushJ* — About  six 
miles  north  of  the  Kantoor  is  one  of  the  small  depressions,  falling  in 
a  westerly  direction,  where  nuggets  were  found,  just  where  the  road 
crosses  the  hollow.  The  ground  here  is  almost  bare  sandstone, 
covered  with  a  few  inches  only  of  soil,  in  which,  and  amongst  the 
grass  roots,  the  nuggets  were  discovered. 

"  Poverty  Creek,^ — "  In  the  main  or  northern  branch  of  Poverty 
Creek,  some  good  gold  has  been  found. . .  There  has  been  more  alluvial 
ground  worked  here,  in  better  form  and  to  better  advantage,  than 
anywhere  else  on  the  plateau.  There  are  two  distinct  kinds  of  gold 
found  at  this  spot,  the  position  of  each  kind  being  clearly  defined. 
From  this  fact  and  other  circumstances  it  seems  probable  that  two 
lodes  here  cross  each  other  or  effect  a  junction  "  J. 

"  Willey*8  Creekr — Many  nuggets  were  found  here ;  one  that  I 
saw  weighed  just  under  a  pound. 

*  See  Report,  Nov.  1884.  t  Report,  Dec.  1884. 

X  Guide  to  the  Goldfields,  p.  55. 


Digitized  by  LjOOQ IC 


586  W,   H.  FENNINa  ON  THE  60LDFIELDS  OF 

d',  Lydenhurg  (p.  678). — At  a  point  on  the  Dorps  River,  about  half 
a  mile  south  of  the  town,  good  coarse  gold  has  been  taken  from  the 
gravel  bordering  the  stream ;  and  a  large  piece  was  found  in  gravel 
along  the  stream  that  comes  in  from  the  S.£.  and  near  this  point  joins 
the  Dorps  River.  "  The  alluvial  deposits  around  the  town  are  exten- 
sive, as  well  as  of  considerable  depth  and  richness.  The  upper  part  of 
these  deposits  consists,  in  places,  of  a  hard  ferruginous  ^  cement- 
stone,'  or  fine  gravel  cemented  by  oxide  of  iron,  and  containing  gold. 
Beneath  this  there  are  several  feet  of  sand  and  loam,  also  auriferous, 
and  at  the  base  is  an  extensive  bed  of  coarse  gravel  and  pebbles, 
which,  wherever  it  has  been  tried,  has  yielded  coarse  gold,  in  some 
places  even  in  payable  quantity  "*. 

K,  At  Ross  HxU  (p.  580),  as  would  naturally  be  expected,  the 
alluvial  soil  is  rich  in  fine  gold. 

i'.  Grey's  Creek  (p.  581)  opens  into  the  same  valley  as  the  small 
stream  from  Ross  Hill,  and  here  both  coarse  and  fine  gold  occur.  On 
the  east  side  of  the  creek  is  a  mass  of  broken  quartz  in  a  black  sandy 
soil  (apparently  the  shedding  from  the  contiguous  quartz  veins  in 
chalcedolite),  which  is  auriferous.  Eurther  down  the  stream  good 
coarse  gold  occurs  in  the  alluvium. 

/.  Spitzkojp  (p.  581). — On  the  east  side  of  this  farm  a  claim  "  has 
been  worked  down  about  15  feet  on  to  the  bed-rock,  which  here  ood- 
sists  of  shale.  At  this  point  there  is  also  an  old  channel  beneath 
the  alluvial  ground,  which  is  brown  loam,  and  has  hitherto  proved 
rich  in  gold.  The  loam  carries  a  small  proportion  of  fine  gold 
throughout,  but  is,  of  course,  much  richer  just  above  the  bed-rock ; 
in  the  old  chanuel  especially  it  has  proved  very  riph,  57  ounces 
of  gold  having  been  taken  out  (as  I  am  informed)  from  one  paddock, 
about  36  feet  by  45  feet,  after  three  weeks'  ground-sluicing  "  t. 

k'.  Berh/n-IMon  (  WaterfaU)  (p.  582). — lie  surface  of  the  ground 
upon  and  west  of  Howse's  claims,  and  for  some  distance  to  the  norUi 
and  south,  is  occupied  by  a  terrace  of  sandy  loam.  On  the  opposite 
side  of  the  river  is  another  terrace,  which  extends  a  long  distance 
S.,  on  the  west  side  of  a  stream  ;  and  there  is  another  large  patch, 
bordering  another  stream  that  flows  into  the  river  east  of  the  Falls. 
"All  this  alluvial  yields  gold  "J,  and  is  now  being  removed  by 
hydraulic  appliances. 

v.  Pilgrim^ s-Rest  Creek  (p.  583)  is  occupied  from  end  to  end  by 
a  mass  of  coarse  gravel  and  fine  loam,  the  gold  from  which  at  one 
time  supported  many  hundred  diggers,  lie  creek  is  very  steep 
and  narrow,  and  is  but  three  miles  or  so  in  length ;  its  containing 
so  much  water-worn  gold  is  therefore  good  evidence  of  the  existence 
of  rich  lodes  in  the  immediate  vicinity. 

m'.  Peach  Tree  (p.  584). — Good  alluvial  ground  has  been  worked 
in  the  creek,  also  upon  Columbia  Hill,  where  long  races  were  cut 
merely  for  the  purpose  of  sluicing  away  the  surfiekce  soil,  to  the 
depth  of  about  a  foot,  for  the  sake  of  its  gold. 

*  Beport,  Dec.  1884.  t  Beport,  July  188S. 

X  Beport,  May  1883. 
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n'.  Botunda  Creek  (p.  584). — The  alluvial  ground  has  been 
worked,  although  not  to  any  great  extent  *. 

q'.  Orighstad  Valley  (p.  584).— Upon  the  farm  "KHpheuvel" 
there  is  a  "  large  body  of  alluvial  wash,  which  covers  the  part  of 
the  farm  bordering  the  stream  "  t.  Good  alluvial  wash  has  also  been 
found  on  the  farm  "  Nauwpoort,"  a  few  miles  nearer  to  the  head 
of  the  valley. 

Terraces, — The  above  notes  refer  to  the  alluvial  deposits  in  the 
bottoms  and  on  the  immediate  margins  of  the  valleys ;  but  in  many 
instances  the  terrace-gravels,  which  are  relics  of  an  earlier  stage  of 
denudation,  are  also  gold-bearing.  In  Willey's  Creek  (b')  and  at 
Pilgrim's-Rest  Creek  (V)  are  high  terraces  of  rich  alluvial  wash. 
I  have  also  observed  patches  of  river-gravel  at  least  800  feet  above* 
the  present  Speckboom  River ;  but  these,  so  far  as  I  am  aware, 
have  not  yet  been  proved  auriferous. 

§  4.  Gold  and  N  ijggets. 

The  character  of  the  gold  obtained  from  these  fields  in  the 
Transvaal  varies  almost  with  every  locality,  whether  from  the  reefs 
or  from  the  alluvium.  Some  of  the  reefs  in  the  Kaap  Valley  (a-/) 
carry  coarse,  others  fine  gold.  At  De  Kaap  (a')  the  gold  is  fine  in 
the  reefe  and  coarse  in  the  conglomerates  ;  on  the  Godwaan  Plateau 
(b')  the  reef-gold  is  very  fine.  Near  Lydenburg  (d')  the  reefs 
produce  generally  rather  coarse  gold,  although  some  on  Paarde- 
Plaatz  (e')  is  very  fine.  At  Ross  Hill  (h')  and  Spitzkop  (/) 
there  are  large  specimens,  but  the  bulk  of  the  gold  is  very  fine ;  at 
Lisbon-Berlyn  (Jc')  it  is  coarse,  as  a  rule,  with  occasional  nuggets 
and  some  fine  gold.  Pilgrim's  Rest  (P)  produces  fine,  and  Rotunda 
Creek  (n')  coarse  gold.  In  some  cases,  as  at  Spitxkop,  Pilgrim's 
Rest,  and  Ross  Hill,  the  gold  is  very  fine  indeed,  like  flour,  of 
which  the  grabs  can  scarcely  be  distinguished  even  with  a  lens. 
This  very  fine  flour-gold  seems  to  be  confined  to  the  "rotten- 
reefs  ; "  the  moderately  fine  to  the  flat  quarta  seams ;  and  the  cparse 
to  vertical  reefs  or  true  lodes. 

The  gold  from  the  alluvium  in  the  Kaap  Valley,  as  at  Kaffir  Spruit 
(e),  is  mostly  "  scaly  "  (in  small  flat  pieces),  rather  pale  in  colour, 
not  very  much  waterwom,  and  with  occasional  nuggets.  At  De 
Kaap  (a')  it  is  mostly  coarse  rich  gold,  extremely  waterwom,  having 
been  subjected  at  least  twice  to  alluvial  action— first  into  the  old 
conglomerates,  then  from  them  into  the  recent  deposits.  Fpon  the 
Godwaan  Plateau  (A'),  there  is  fine  as  well  as  coarse  gold  in  the 
alluvium,  the  wash  having  been  partly  derived  from  the  reefs  that 
carry  fine  gold.  At  Lydenburg  (d')  the  wash  yields  gold  of  a 
rather  light  colour,  in  scales  and  grains ;  about  Spitzkop  (h\  i\  f) 
the  gold  is  of  good  quality,  fine  in  the  wash  on  the  higher  lands, 
and  coarse  below.  At  Lisbon-Berlyn  (k')  it  occurs  in  a  similar 
manner ;  and  at  Pilgrim's  Rest  (V)  the  gold  is  very  rich,  coarse,  and 
with  nuggets  in  abundance. 

*  See  the  *  Guide  to  the  Gbldflelda,'  pp.  17|  18.         t  *  Report,'  May  1884. 
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The  following  may  l)e  given  as  examples  of  the  occasional  rich 
"  finds  "  in  these  fields  :— 

In  1873,  at  New  Caledonia,  four  large  nuggets  with  a  number  of 
smaller  ones,  collectively  weighing  13  lb.  8  oz. 

In  1874,  at  Barrington's  claim,  a  nugget  weighing  upwards  of  87 
ounces. 

In  the  same  year,  nuggets  of  48  ounces  and  69  ounces  were 
found. 

In  1875,  at  head  of  Creek,  Pilgrim's  Rest,  one  of  8  pounds  and 
another  of  57  ounces. 

In  the  same  year  were  found  nuggets  of  213,  69,  29^,  57,  and 
47  ounces. 

A  nugget  of  123  ounces  was  found  in  a  terrace-daixn.  Upper 
Creek,  at  about  30  feet  below  the  surface  *. 

§  5.  Other  Metals  and  Minebals. 

A  few  other  metals  and  their  ores  observed  in  this  district  are : — 

Oodwaan  Plateau  {h'), — SDver  in  the  Home  ward-Bound  Beef. 

Here,  and  also  at  De  Kaap  (a'),  pieces  of  metal,  soft  and  white, 
but  oxidized  on  the  outside  and  generally  resembling  lead  in 
appearance,  are  frequently  found  in  the  gold-washing  sluice-boxes 
of  the  diggers.  I  have  tested  some  of  these  pieces  from  both  places 
and  found  them  to  be  zinc.  If  my  tests  be  supported  by  others  at 
home,  the  existence  of  native  zinc  will  be  confinned. 

Paarde  Plaatz  («'). — In  the  auriferous  quartz  seams  here  the 
metal  platinum  occurs,  certainly  not  in  large  quantity,  but  fairly 
constant,  in  connexion  with  the  gold. 

Lydmhurg  (d') — Good  copper-ores,  sulphide  and  carbonate, 
have  been  worked  here  ;  near  the  town  on  the  north  side,  there  are 
extensive  old  workings,  now  overgrown ;  others  also  are  seen  near 
the  Speckboom  Biver. 

Rotunda  Creek  (n'). — ^There  is  rich  copper-ore  here,  both  car- 
bonate and  black  oxide :  and  grains  of  native  copper  have  been 
found  in  the  alluvial  gold-washing  operations. 

Kaap  Valley  J  Welcome  Reef  (/). — There  is  a  large  percentage  of 
copper-ore  in  the  quartz  here ;  but  no  tests  have  been  made  of  its 
value. 

Argentiferoua  galena  occurs  between  the  goldfields  and  Pretoria. 

Iron  in  many  forms,  including  haematite,  is  abundant  in  the 
Transvaal. 

§  6.  The  Diobitb  Dtkes. 

Frequent  mention  has  been  made  of  the  diorite  dykes  by  which 
this  region  is  traversed,  and  of  the  rocks  being  tilted  and  otherwise 
disturl^  by  their  intrusion.  There  are  other  points  in  connexion 
with  them  also  worthy  of  notice.  Befractory  as  diorite  is  in  its 
normal  state,  it  disintegrates  much  more  readily  than  the  softer 
*  See  alBo  *Qiude  to  the  Goldfields,'  p.  8. 
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shales  and  Band8tx>ne8  through  which  it  often  passes ;  and  this  fact 
gives  rise  to  definite  physical  and  surface-features. 

Very  prominent  ohjects  in  the  immense  plains  of  South  Africa,  as 
also  indeed  amongst  the  mountains,  are  the  long  narrow  ridges  of 
what  at  first  sight  would  appear  to  be  waterwom  boulders,  but 
which  are  really  cores  from  the  concentric  weathering  of  diorite 
dykes.  Beneath  them  the  whole  of  the  dyke  is  often  entirely 
disintegrated  into  a  soft  but  compact  argillaceous  mass,  passing 
gradually  down  into  hard  unchanged  diorite.  I  have  seen  a  good 
illustration  of  this  where  one  of  the  head  streams  of  the  Krokodil 
Biver  passes  through  a  deep  gorge,  the  almost  vertical  sides  of 
which  expose  a  good  section  of  decomposed  diorite,  capped  by  a 
mass  of  rounded  cores  that  spread  out  beyond  the  walls  of  the  dyke 
on  either  side  to  some  distance.  I  think  the  rock  weathers  more 
rapidly  below  the  surface ;  it  gets  washed  away  beneath  the  harder 
cores,  which  settle  down  and  accumulate  along  the  line,  repre- 
senting probably  several  hundred  feet  of  the  dyke,  gradually 
weathered  and  removed  by  denudation. 

When  no  line  of  cores  has  been  left,  which  frequently  happens 
on  sloping  ground,  the  course  of  a  dyke  may  still  be  traced  merely 
by  changes  in  the  vegetation :  a  greener  tint  in  the  grass — ^which 
is  sometimes  quite  verdani^  whilst  that  on  the  shales  has  been 
parched  to  a  yellow  or  brown  colour — ^by  lines  of  bushes,  by 
the  growth  of  different  kinds  of  plants,  and  so  on.  Single  or 
parallel  lines  of  dykes  may  sometimes  be  detected,  even  at  a  great 
distance. 

Where  a  dyke  crosses  a  watershed  from  one  valley  to  another,  a 
tributary  stream  usually  cuts  its  course  along  the  weathered 
surface  into  each  main  valley  until  the  two  nearly  meet  at  the 
watershed,  leaving  only  a  narrow  "neck"  or  "pass"  between. 
The  rain-coUecting  area  of  such  necks  being  reduced  to  a  minimum, 
they  are  now  subject,  as  ridges  often  hundreds  of  feet  above  the 
valleys  below,  to  the  least  possible  action  of  denudation.  A  good 
illustration  of  this  phenomenon  is  the  neck,  about  a  hundred  yards 
wide,  at  the  head  of  two  very  deep  gorges,  one  opening  north,  the 
other  south,  just  east  of  the  townlands  of  Lydenburg.  On  the  road 
to  Spitzkop  there  are  four  or  five  such  necks  (or  weathered  dykes) 
almost  close  together,  being  perhaps  a  hundred  yards  apart,  many 
hundred  feet  above  the  ravines,  and  just  wide  enough  for  a  waggon- 
road,  with  small  roxmded  hills  between  them ;  these  are  called  the 
"  Devil's  Knuckles." 
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DiBCxrssiON. 

Mr.  G.  Thomas  said  thai,  haying  just  letnmed  fix>m  the  oonniaiy, 
he  was  able  to  state  that  the  golcMeld  extends  beyond  the  limits 
mentioned  by  the  Anthor.  It  stretches  into  Swaziland,  to  the 
south  and  east  of  the  district  described. 

Mr.  Battbbmak  remarked  that  the  occurrence  of  gold  in  small 
quartz-grains  immediately  associated  with  diorite  masses,  as  repre- 
sented in  the  Author's  diagram,  was  a  condition  well  known  in  the 
tJral,  Australia,  and  elsewhere. 
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44.  On  some  Ebbatics  in  the  Bovldeb-clat  of  Ckbshixr,  ^c,  and 
the  Conditions  of  Guhate  tJiey  denote.  By  Chables  Eickbtts, 
M.D.,  F.G.8.    (B«ad  May  27,  1885.) 

[Abridged.] 

The  glacial  phenomena  in  the  valley  of  the  Mersey  indicate  that, 
though  during  that  period  the  country  was  entirely  covered  with  ice 
and  snow,  these  accumulations  were  no  greater  than  were  derived 
from  the  snowfall  on  the  water-slopes  of  this  and  its  tributary 
valleys.  The  glacier- striae  on  the  surface  of  the  Triassic  rocks 
coincide  in  direction  with  those  of  the  respective  valleys,  or  they 
have  a  direct  reference  to  the  contour  of  the  ground.  Taking 
'*  Happy  Valley  "  (now  Borough  Road),  Birkenhead,  as  a  typical 
example,  the  bottoms  of  the  valleys,  where  channels  have  been  in 
pre-Glacial  times,  are  filled  to  a  limited  height  with  irregularly 
stratified  beds  of  sand  and  gravel,  their  presence  in  other  valleys 
being  revealed  by  excavations  and  borings  for  wells,  &c.  *  The 
sands  have  been  derived  from  disintegration  of  the  Trias :  whilst 
the  pebbles  are  similar  to  the  erratics  so  abundant  in  the  Boulder- 
day,  excepting  that  all  traces  of  striae  Ac.  have  been  removed,  it 
is  presumed,  by  water  which,  holding  sand  in  suspension,  issued 
from  beneath  glaciers.  On  these  gravels  &c.  is  situated  Boulder- 
clay  containing  a  much  larger  proportion  of  sand  and  pebbles  than 
the  Boulder-clay  proper.  The  flanks  of  the  valleys  frequently 
have  rock-surfaces  covered  with  unstratified  sands  and  angular 
fragments  of  sandstone,  without  intermixture  of  erratic  pebbles ; 
they  are  considered  to  be  moraine  accumulations  left  by  glaciers 
which  extended  into  the  sea.  The  whole  is  covered  with  Boulder- 
clay,  a  reddish-brown  unstratified  clay  containing  pebbles  and 
boulders  irregularly  dispersed  through  it. 

Besides  the  accumulations  of  Triassic  fragments  already  alluded  to, 
others  occur  «t  from  125  to  150  feet  above  ordnance  datum,  which 
must  have  been  formed  above  the  then  sea-level,  and  have  resulted 
from  the  action  of  strictly  local  glaciers ;  one  was  uncovered  a  few 
years  ago  at  the  Birkenhead  School,  and  another  occurs  near  the 
cemetery. 

The  clay  of  the  Boulder-clay  may  be  attributed  to  the  abrasion 
of  adjacent  rocks  by  glaciers,  beneath  which  it  issued  in  subglacier 
rivers  highly  charged  with  mud  and  sand.  Such  a  condition  occurs 
in  Greenland,  where  the  rocks  are  of  granite  or  of  equally  in- 
destructible material  f ;  the  quantity  of  sediment  must  therefore  be 
immensely  increased  when  the  strata  passed  over  are  so  easUy 
disintegrated  as  the  Trias  and  Coal-measures.     The  water  being 

*  "  Buried  Valley  of  the  Mersey,"  by  T.  Mellard  Eeade,  C.E.,  F.G.S.  (Proc 
LiTerpool  Geol.  Soo.  1872-73,  p.  42). 

t  "  Physios  of  Arctic  Ice,"  by  Dr.  Robert  Brown,  F.B.O.S.  (Quart.  Journ. 
Geol.  Soc.  vol  xxvi.  p.  682). 

aJ.G.S.  No.  164.  2t 
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thus  surcharged  with  mud  may  account  for  the  entire  absence  of 
marine  life ;  fractured,  rarely  perfect,  shells  occur  sparsely  scattered 
in  the  clay,  but  never  under  such  circumstances  that  it  could  be 
imagined  they  had  lived  where  found. 

The  pebbles  and  boulders  imbedded  in  the  clay,  and  from  which 
the  formation  derives  its  name,  consist  of  fragments  of  hard  rock 
from  the  size  of  minute  grains  to  two  or  three  feet  or  more  in 
diameter,  such  as  may  have  been  derived  from  lands  encompassing 
the  Bay  of  Liverpool  and  the  adjoining  portion  of  the  Irish  Sea — 
from  Cumberland,  the  south-west  of  Scotland,  the  north  and  east  of 
Ireland,  and  North  Wales.  Their  surfaces  are  very  generally  flattened, 
smoothed,  and  polished,  and  a  large  proportion  are  covered  with 
strifiB,  groovep,  and  scratches,  universally  acknowledged  to  have  been 
caused  by  abrasion  beneath  glaciers.  If  it  is  conceded  that  they 
have  dropped  into  the  clay  from  floating  ice,  their  number  is  such 
as  would  indicate  that  the  whole  bay  was  sufficiently  packed  with 
bergs  and  floes  to  prevent  altogether  the  formation  of  waves  *,  and 
therefore,  in  the  absence  of  other  currents,  no  evidences  of  strati- 
fication are  afforded. 

Amongst  the  erratics  in  the  Boulder-clay  may  be  included  masses 
of  unconsoJidated  sands  and  gravels,  often  alluded  to  by  local 
geologists  as  "  pockets  of  sand,**  &c.  The  materials  resemble  accumu- 
lations already  referred  to  as  situated  in  the  bottoms  of  valleys  as  a 

bed  upon  which  the  Boulder-clay  reposes ;  their  general  shape  is 
comparable  to  that  of  the  section  representing  masses  containing  a 
remarkable  collection  of  dark  green  blocks  of  disintegrated  traps,  • 
unmixed  with  other  boulders,  exposed  in  1878  during  the  con- 
struction of  the  Boo  tie  Docks  (flg.  1).     These  were  imbedded  in  a 

Fig.  1. — Section  in  Booth  Docks,  Liverpool, 
(Length  about  28  feet.) 


a.  Trias.  h.  Gravel.  e.  Boulder-day. 

</.  Masses  containing  disintegrated  Trap. 

light  green  sandy  matrix,  and  formed  accumulations  which  were 
very  conspicuous^  the  colour  being  in  marked  contrast  to  that  of  the 
Boulder-clay ;  their  disintegration  must  have  been  due  to  the  same 

*  *'  However  great  the  agitation  of  the  «ca  may  be  in  the  open  ooean,  and 
though  it  may  dash  ita  waves  with  wild  fury  on  the  edge  of  the  ice,  within  the 
ice-girdle  it  is  undisturbed  "  ('  New  Lands  within  the  Arctic  Circle,'  by  Lieut. 
Julius  Payer :  chap.  1.  §  23). 

In  January  1881  the  Mersey  was  covered  with  floating  ice,  or  rather  aoov, 
for  nearly  its  whole  width ;  on  the  waves  reaching  the  ice  they  terminated  in  a 
swell  for  a  short  space,  whilst  inside  the  surface  was  perfectly  unmoved. 
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causes  as  that  of  some  boulders  of  granite  and  trap  to  be  alluded  to 
hereafter. 

When  brick-making  was  in  progress  behind  the  Mission  House  in 
Borough  Road,  Birkenhead,  several  blocks  (five  or  six)  of  sand  and  clay 
were  exposed ;  they  contained  a  few  erratic  pebbles  as  well  as 
bands,  an  inch  or  so  thick,  of  vegetable  mould.  In  one  the  clayey 
and  carbonaceous  beds  were  doubled  on  themselves,  being  so  bent 
at  the  flexure  as  to  squeeze  away  the  clay.  In  this  case  also 
the  loose  sand  has  fallen  away  and  spread  from  the  mass  as  it 
settled  down  in  the  Boulder-clay.  One  piece  exhibited  spots  of 
carbonaceous  matter,  which  are  probably  the  rootlets  of  plants ; 
these  are  the  only  examples  of  vegetable  life  met  with  in  the 
Boulder-clay*.  Being  in  close  proximity  to  each  other,  they  pro- 
bably all  dropped  from  the  same  iceberg*  stranded  at  this  spot.  The 
only  locality  affording  evidence  of  vegetation,  in  situ^  during  the 
Glacial  Period  is  at  Leighton  Hall,  Yealand,  Lancashire  ;  it  occurs 
as  a  band,  ten  or  twelve  inches  thick,  of  Carboniferous^Limestone 
pebbles,  each  of  which  is  covered  with  an  intensely  black  car- 
bonaceous powder ;  this  bed  separates  a  lower  from  an  upper  por- 
tion of  an  accumulation  forming  a  moraine  mound,  and  indicates  the 
recession,  for  a  series  of  years,  of  the  glacier  by  which  the  mound 
was  formed. 

Blocks  of  the  Boulder-clay  itself,  which  would  escape   notice 
should  they  occur  in  the  Boulder-clay  proper,  in  consequence  of  its 
identity  with  them,  have  been  frequently  observed  in  those  stratified 
sands  and  gravels,  previously  referred  to,  which  cover  the  bottoms* 
of  preglacial  valleys  such  as  Happy  Valley  (fig.  2) ;  similar  blocks 

Pig.  2. — Section  in  Happy  Valley,  Birkenhead,    (Height  10  feet.) 


.'^^sJ^:o* .':;  -vAv"  ''*:,*:''' .v-^V/i 


>.V'"i«* 


4  ^  .^v*^^:;^^?•^■v^^V'^-^^;^« 


^>^^v<^  <^ 


o.  Trias.  b.  Sand.  c.  GrsTol.  d.  Boulder-clay. 

e.  Blocks  of  Boulder-clay  in  gray  el  and  isand. 

^  Mr.  D.  Mackintosh,  F.G.S.,  found  plant-remains  in  the  Boulder-day  near 
Crewe ;  and  Mr.  T.  Ward  of  Northwich  presented  me  with  a  fragment  of  wood 
obtained  at  a  depth  of  35  feet  in  undisturbed  Boulder-day. 

2t2 
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also  occur  in  the  sandy  Boulder-clay  which  immediately  overHeB 
these  sands  and  grayels.  Mr.  A.  Strahan,  F.G.S.,  of  H.M.  Geolo- 
gical Survey,  informs  me  that  he  has  ohserved  them  under  similar 
conditions  in  other  places. 

It  is  more  particularly  desired  to  direct  attention  to  the  occurrence 
of  other  boulders  which  frequently  bear  evidence  of  glacier-action, 
and  have  also  been  exposed  to  other  influences  before  they  were 
floated  away  and  dropped  into  the  clay.  Some,  of  granite,  are 
weathered  all  over,  their  entire  surface  being  roughened  and  so  far 
disintegrated  that  fragments  can  be  broken  off  by  the  fingers  ♦; 
others  in  the  same  state  have  also  had  a  portion  split  off.  Some, 
having  their  surfaces  glaciated,  crumble  into  fragments  by  slight 
pressure ;  whilst  others  cannot  be  removed  without  separating  into 
their  component  crj'stalline  particles,  though  when  in  situ  each 
granule  retains  its  relative  position,  and  a  careful  removal  of  the 
clay  may  even  show  their  surfaces  to  be  smoothed  and  polished. 

A  somewhat  similar  kind  of  weathering  is  often  observed  iu 
various  kinds  of  volcanic  rock.  In  some  it  peeb  off  in  concentric 
laminsB ;  where  this  disintegration  has  not  penetrated  the  whole 
mass,  the  central  nucleus  remains  solid  and  unaffected.  Examples 
of  a  different  kind  are  frequent  in  which  the  mass  is  disint^rated 
throughout,  being  easily  crushed  or  broken  and  the  granules  sepa- 
rated. The  striae  formed  previous  to  weathering  in  a  few  cases 
remain  visible. 

Mr.  G.  H.  Kinahan,  of  H.M.  Geological  Survey  of  Ireland,  has 
informed  me  that  blocks  of  disintegrated  granite  are  frequent  in  Uie 
glacial  deposits,  especially  those  of  Wicldow  and  south-east  Wex- 
ford, being  more  prevalent  in  moraine-drift  than  in  the  Boulder- 
day.  There  are  granite  boulders,  imbedded  in  moraine  accumu- 
lations, near  Shap,  Westmoreland,  which  have  become  disintegrated 
in  various  degrees,  and  to  an  extent  as  great  as  those  occurring  in 
the  Boulder-clay  of  Cheshire,  whereas  at  the  present  time  the  Shap 
granite,  both  in  the  well-known  blocks  and  in  situ,  weathers  only 
on  the  exterior. 

What  Mr.  Einahan  states  respecting  the  granite  boulders  of  Go. 
Wicklow  is  equally  applicable  to  some  of  volcanic  origin  in  the 
glacial  deposits  of  Co.  Antrim,  where  they  occur  in  every  stage  of 
disintegration,  but  modified  according  to  their  structure.  Examples 
are  met  with  in  moraine-  and  esker-mounds,  and  in  the  Boulder- 
clay,  exactly  corresponding  with  some  in  the  Boulder-clay  of 
Cheshire. 

Rocks  of  various  kinds  are  coated  with  a  powder,  derived  from 
their  disintegration,  generally  of  a  light-green  colour,  having  mixed 
with  it  minute  fragments  of  the  same.  In  some,  the  general  sur- 
face of  which  affords  proof  of  glacial  erosion,  channels  or  hollows 
have  been  formed  subsequently,  these  being  filled  with  similar 
disintegrated  materials.     In  other  instances  t^e  weathering  has  so 

*  The  condition  of  these  granite  blocks  coincides  with  the  account  givpo  of 
some  in  Spitsbergen  and  Sweden,  "  split  up  whilst  in  sifu  by  the  action  of  the 
frost "  ('  Arctic  Voyages  of  Prof.  Nordensbold/  by  Alex.  Lwlie,  p.  233). 
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extended  throughout  the  whole  substance  that,  on  removal,  they 
break  up  entirely. 

A  large  proportion  of  Carboniferous-Limestone  pebbles  bear  evi- 
dence of  atmospherio  and  chemical  erosion  in  a  variety  of  ways. 
Occasionally  they  are  weathered  all  over,  and  portions  of  organisms 
stand  in  relief ;  more  jfrequently  they  are  eroded  in  the  same  way 
over  a  considerable  surface,  whilst  the  remainder  continues  intact, 
with  its  ice-marks  unaffected.  A  frequent  feature  is  the  formation 
of  channels  or  hollows  in  the  blocks ;  this  occurs  without  affecting 
other  portions,  which  may  still  retain  marks  of  glaciation.  This 
weathering  of  limestone  appears  as  if  caused  by  chemical  erosion  ; 
but  the  results  so  resemble  those  of  other  rocks  to  which  this  theory 
cannot  apply,  that  it  is  rendered  doubtful  whether  it  can  be  entirely 
accounted  for  by  that  cause.  In  many  instances  limestone  pebbles 
have  been  split  into  fragments  which  are  occasionally  in  apposition, 
but  being  generally  obtained  from  stone-heaps,  they  are  more  fre- 
quently detached.  A  glaciated  one  found  in  situ  in  the  Boulder- 
day  is  split  into  four  fragments,  which  remain  in  exposition  ;  the 
split  surfaces,  as  well  the  outer  portion  close  to  them,  have  sub- 
sequently been  somewhat  eroded  since  their  fracture. 

It  is  evident  that  these  various  forms  of  weathering  have  occurred 
subsequently  to  glacier-action ;  and  an  examination  of  what  is  now 
in  progress  fails  to  explain  these  peculiar  phenomena.  It  is  only  in 
Carboniferous-Limestone  pebbles  contained  in  morainic  accumulations 
that  examples  occur  similar  to,  and  even  identical  with,  those 
found  in  the  Boulder-clay. 

Several  pebbles  of  limestone  are  not  only  glaciated,  but  also 
perforated  by  mollusca  and  sponges ;  as  a  rule,  no  shells  are  retained 
in  the  cavities.  There  is  generally,  if  not  always,  evidence  that  the 
borings  have  been  made  subsequently  to  glaciation.  In  some  in- 
stances they  have  afterwards  also  been  again  exposed  to  glacial 
friction,  and  fragments  have  likewise  been  broken  off  prior  to  their 
deposition  in  the  day.  In  two  instances  glaciated  and  perforated 
blocks  were  found  to  be  afterwards  weathered,  one  over  the  per- 
forated surface,  the  other  as  a  channel-like  groove  on  the  portions 
covered  with  striae.  A  solitary  example  of  borings  in  softer  lime- 
stone (it  may  be  of  Antrim  chalk)  contains  many  shells  entire,  and 
its  surface  is  covered  with  Serpulce, 

A  very  frequent  form  of  weathering  in  stratified,  slaty,  and  other 
rocks  is  produced  by  their  splitting  into  pieces,  the  surfaces  thus 
formed  having  undergone  littie,  if  any,  change ;  the  fragments  are 
more  frequently  detached  and  separated,  but  sometimes  are  in  exact 
apposition ;  or,  when  split  into  many  parts,  some  may  be  contiguous, 
whilst  others  belonging  to  the  same  pebble  are  absent  Occasionally, 
but  necessarily  very  rarely,  pebbles  have  the  split  fragments  separated 
for  a  small  space,  having  fallen  from  each  other  as  they  dropped 
into  the  clay.  In  a  glaciated  one  of  Silurian  sandstone  found 
at  Little  Eye,  Hilbre  (an  island  at  the  mouth  of  the  Dee),  the 
fragments  were  an  inch  and  a  half  from  each  other  with  their 
rdative   position   changed.      Another,  at  Book   Ferry,  had  the 


Digitized  by 


Google 


696 


C.  filCKETTS  ON  THE  EBBATIC8  IN  THE 


greater  axis  somewhat  removed  from  the  perpendicular  with  a 
small  detached  portion  lying  nearly  at  a  right  angle  to  its  original 
position,  the  thinner  and  lower  part  not  being  entirely  displaced, 
through  resting  on  a  slight  projection  at  the  lower  end  of  the 
fracture  (fig.  3). 

Similar  glaciated  pebbles  "  split  and  shattered  by  the  frost "  into 
fragments  which  still  remain  exactly  in  apposition  are,  in  many 
districts,  buried  in  moraine  accumulations  formed  on  land*  These 
fractures  must  have  occurred  subsequently  to  the  envelopment  of 
the  blocks  in  glaciers,  otherwise  the  pieces  could  not  have  con- 
tinued so  accurately  in  position  whilst  moving  beneath  such  a  burden. 

Fig.  3. — Silurian  pebble  splits  sepamted,  and  diffpla^^d^  at  in  situ  in 
Boulder-day^  Bock  Ferry.     (One  third  natural  size.) 


Some  erratics  are  so  sculptured  into  forms  dependent  on  differences 
in  their  texture,  that  the  less  easily  disintegrated  portions,  and  the 
harder  materials  filling  shrinkage-joints,  stand  prominently  in  relief ; 
some  are  so  fashioned  and  modelled  that  every  bed,  however  thin,  is 


Fig.  4. — WeatTiered  block  from 
Boulder-clay,  (One  third 
natural  size.) 


Fig.  5.—  Weathered  block  mtk 
smoothed  surfaces  from 
Boulder-clay,  (One  third 
natural  si/^.) 


X.  Smoothed  snrfMet. 


conspicuous.  There  exists  a  great  similarity  between  some  sneh  spe- 
cimens from  the  £oulder-clay  and  others  in  moraine  accumulations 
(compare  figs.  4-7).     This  is  remarkably  the  case  with  two  from  s 
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moraine  mound  at  Leighton  Hall ;  and  another,  of  fantastic  shape,  is 
hardly  distinguishable  from  an  example  near  Shap,  whilst  others 
of  a  similar  kind  bear  a  striking  resemblance  to  each  other. 


Fig.  6,— Weathered  block 
from  Moraine,  (One 
third  natural  size.) 


Fig.  7.— Weathered  hlocJc  frotn 
Moraine.  (One  third  natural 
size.) 


Several  blocks,  subsequently  to  being  weathered,  have  had  portions 
of  their  surface  rubbed ;  this  generally  occurs  over  a  very  limited 
space,  and  leaves  adjoining  and  even  more  prominent  parts  entirely 
untouched  (fig.  5).  No  example  has  yet  been  found  in  moraines ; 
but  it  may  be  concluded  that  this  attrition  could  not  have  been 
caused  by  propulsion  along  the  rock-surface  over  which  the  glacier 
moved.  It  is  more  probable  that,  carried  forward  by  an  accumulating 
glacier,  thin  pebbles  have  rubbed  against  others  imbedded  in  the 
same  moraine-heap. 

Pieces  of  flint  occur  in  the  Boulder-clay,  but  they  are  rare. 
Some  have  had  flakes  forcibly  broken  off,  it  may  be  several  from 
the  same  specimen  :  occasionally  the  depression  is  formed  which  is 
the  counterpart  to  the  "  bulb  of  percussion  ;  "  and  at  this  point  the 
flint  is  sometimes  crushed  as  if  from  the  intensity  of  the  pressure 
by  which  a  flake  has  been  splintered  off.  In  others  the  more 
prominent  and  rounded  portions  of  the  nodules  bear  evidence  of 
being  rubbed  and  chipped  as  by  a  grinding  motion  under  pressure. 
There  are  none  which  have  been  rounded  by  the  rolling  motion 
caused  by  waves  or  currents. 

The  rarity  of  flints  in  the  Boulder-clay  is  not  surprising  if  it  is 
considered  that  they  have  been  carried  into  the  Bay  of  Liverpool  by 
means  of  icebergs  and  floes  which  ploughed  their  way  across 
through  closely  packed  ice,  distributing  their  load  of  boulders  in  the 
passage;  even  in  the  glacial  accumulations  in  the  neighbourhood 
of  Belfast,  in  close  proximity  to  the  Chalk  formation,  they  are  not 
found  to  be  very  abundant.     Many  of  the  flints  in  the  Eskers  and 
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in  the  Boulder-clay  near  Belfast  have  chips  and  flakes  broken  off, 
and  the  resulting  angles  crashed  in  a  similar  manner  to  some  in  the 
Boidder-clay  of  Cheshire  and  Lancashire.  The  most  probable 
explanation  of  the  separation  of  the  chips  and  flakes  is  that  the 
flints,  whilst  enveloped  in  glaciers,  passed  over  the  platforms  formed 
of  layers  of  flints  so  constantly  interstratified  with  the  Chalk  or 
White  Limestone  of  Co.  Antrim. 

The  peculiar  instances  of  weathering  which  rocks  of  different 
kinds  have  undergone  prior  to  their  deposition  in  the  Boulder-clay 
appear  to  have  escaped  notice  almost  entirely,  with  the  exception  of 
blocks  of  disintegrated  granite  and  trap  ;  these  are  too  conspicuous 
to  be  overlooked.  The  consideration  of  all  these  phenomena  tends 
to  prove  that,  during  the  glacial  period,  though  the  climate  was 
always  of  an  arctic  character,  with  perennial  snow  resting  on  the 
ground,  there  were  frequent  variations  in  the  severity  of  the 
seasons — that  a  less  amount  of  snow  fell  during  one  seri^  of  years 
than  during  another,  so  that  for  a  considerable  time  glaciers  receded, 
leaving  the  contents  of  moraines  exposed  to  vicissitudes  of  the 
weather,  to  repeated  successions  of  frost  and  thaw,  probably  re- 
curring daily  during  several  months  in  the  year.  Again  they  in- 
creased in  size  and  carried  forward  the  accumulations  as  an  int^;Tal 
part  of  their  volume,  so  that  they  eventually  reached  the  sea,  and 
icebergs  were  formed,  "  forced  off  from  their  parent  glaciers  by  the 
buoyant  action  of  the  sea  "  and  floated  away.  They  cannot  be  con- 
sidered to  represent  an  interglaoial  period  such  as  the  examination 
of  certain  deposits  in  Scotland  and  elsewhere  is  supposed  to  indicate ; 
for  these  weathered  erratics  are  found  in  all  situations  in  the  Boulder- 
clay.  The  changes  in  climate  which  took  place  appear  to  have  been 
not  unlike  those  which  occur  in  Greenland,  where  it  is  recorded  that 
the  glaciers  have  been  observed  to  successively  recede  and  advance  to 
the  extent  of  several  hundred  yards  *.  In  some  respects  they  may  be 
compared  to  changes  of  climate  in  our  own  country,  where  some 
winters  are  mild  and  others  severe,  some  remarkable  for  abnndanoe 
of  rain  or  snow,  others  for  frost  and  flne  weather. 


Discussion. 

Dr.  Evans  thought  the  observations  of  Dr.  Ricketts  were  of  very 
great  interest,  whatever  interpretation  was  put  upon  them. 

Dr.  Hicks  asked  if  it  were  not  possible  that  some  of  the  changes 
indicated  were  due  to  the  percolation  of  water  through  the  sandy 
boulder-clays. 

The  Author,  in  reply,  said  the  evidence  was  entirely  in  favour  of 
the  decomposition  having  taken  place  before  the  imb^ding  of  the 
fragments. 

*  "On  the  loe-Qords  of  North  Greenland,"  by  Amund  Hellaiid,  of 
Ghristiania  (Quart.  Journ.  Geol.  Soo.  vol.  xxxiii.  p.  154). 
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AQuvial  auriferous  deposits  of  the 
Lydenburg  and  De  Kaap  gold- 
fields,  584. 

Alluyium  in  Oolwyn  Bay,  105. 

Ambulacra,  Prof.  Duncan  on  the 
structure  of  the,  of  some  fossil 
genera  and  species  of  regular  Echi- 
noidea,  419;  types  of,  in  Echi- 
noidea,  450. 

America,  North,  Pteraspidian  fish 
from  the  Upper  Silurian  rocks  of, 
48. 

Amphiblestrum,  288,  289. 

Amuri  limestone,  palaeontology  of, 
274. 

series,  204. 

South  BluiBT,  section   through, 

272. 

Analyses  of  Aruba  phosphate,  81 ;  of 
augites  of  the  Hebriaean  gabbroe, 
367,  368 ;  of  enstatites  of  the  He- 
bridean  sabbros,  372 ;  of  olivine  of 
the  Hebridean  gabbros,  374;  of 
Caithness  soyelite,  402 ;  of  diabase 
of  the  Rio-Tinto  district,  250;  of 
felspars  (torn    gabbros,   363;     of 


Hungarian  lava  and 
163;  of  iron-ores  from  the  Kio- 
Tinto  district,  253,  254;  of  ferru- 
ginous waters  from  the  Bio-Tinto 
mines  and  works,  255;  o^  pyrites 
of  the  Rio-Tinto,  258,  259;  of 
jasper  from  the  Bio-Tinto  district, 
249;  of  porphyries  of  the  Rio- 
Tinto  district,  251 ;  of  slates  of  the 
Rio-Tinto  district,  247. 

Anatoki  river,  section  crossing  the, 
200. 

Andesine  from  Soourie  Dyke,  analysis 
of,  135. 

Andesites  of  Moel-y-Golfa,  540. 

Anglesey,  picrites  of,  515. 

Anniversary  Address  of  the  President, 
Proc,  37-96.  See  also  Bonney, 
Prof.  T.  a 

Annual  Report  for  1884,  Proc,  9. 

Aorere  river,  section  crossing  the,  200. 

series,  199. 

Aot^  series,  207. 

Ardtun  leaf-bed,  92. 

Aruba,  phospliatic  deposits  of,  89. 

Augites,  changes  in,  in  Hebridean 
rooks,  377. 

of  the  Hebridean  gabbros,  367 ; 

analyses  of,  367,  368. 

Auriferous  deposits  of  the  Lydenburg 
and  De  Kaap  goldfields,  572,  577  ; 
alluvial,  584. 

Australia,  Dr.  R.  von  Lendenfeld  on 
the  Glacial  Period  in,  Proc.  103. 

,  South,  Chilostomatous  Bryozoa 

from,  279, 
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Awantii  series,  204. 
Awat^re  series,  209. 

Bagehot  strata,  Rey.  A.  Irving  on  a 
general  section  of  the,  from  Alder- 
shot  to  Wokinglmnj,  492. 

Ballintoy  leaf-bed,  8B. 

BalljTnore,  section  through,  2i?5. 

Ballynarry  Bay,  232,  '233 ;  section 
past,  235. 

Ballypalady  leaf-bed,  86. 

Bamesbeg  Gap,  section  in,  223. 

Barysmilia  Etal/oni,  179. 

Basaltic  formation  of  Ulster,  Lower 
Eocene  plant-beds  of  the,  82. 

,  Tertiary,  in  Iceland,  93. 

Bathycoinia  Slatteri,  17B. 

Baton-rirer  series,  199. 

Beaches,  raised,  in  New  Zealand, 
212. 

Beaver  Lake,  lithophyses  in  obsidian 
from,  164,  105. 

Behrings  Island,  Dr.  H.  Woodward 
on  a  skeleton  of  Bhi/fina  gigas  from 
the  Pleistocene  peat-depoeits  on, 
457. 

Bella  Vista,  slate  with  kernels  of 
cobaltiferoiis  oxide  of  manganese 
near,  261. 

Belleisle  Brook,  section  in  small  tri- 
butary of,  545. 

Bigsby  Gold  Medal,  award  of  the,  to 
Prof.  Benard,  Proc.  35. 

Biotite  in  Hehridean  gabbros.  .374 ; 
of  the  Caithness  scyelite,  analysis 
of,  403 ;  of  Glen  Urquhart  serpen- 
tine, analysis  of,  407. 

Birkenhead,  section  in  Happy  Valley, 
593. 

Blackdown  beds,  Rev.  W.  Downes  on 
the,  23. 

fossils,  supplementary  list   of, 

26. 

Black  Ven,  near  Lyme  Begis,  cre- 
taceous beds  at,  23. 

Blocks,  weathered,  from  boulder-clay 
and  moraine,  596,  597. 

Boby  Creek,  section  across,  269. 

Bonney,  Prof.  T.  G.  (President), 
Address  on  handing  the  WoUaston 
Gold  Medal  to  Dr.  W.  T.  Blanford 
for  transmission  to  Mr.  George 
Busk,  Proc.  30;  Address  on  pre- 
senting the  balance  of  the  Wol- 
laston  Donation  Fund  to  Dr.  0. 
Callaway,  31 ;  Address  on  handing 
the  Murohison  Medal  to  Dr.  H. 
Woodward  for  transmission  to  Dr. 
F.  Romer,  31 ;  Addrees  on  pre- 
senting the  balance  of  the  Murchi- 
■on  Geological  Fund  to  Mr.  H.  B. 


Woodward,  3a;  Address  on  pre- 
senting the  Lyell  Medal  to  Prof. 
II.  G.  Seeley,  33  ;  Address  on  hand- 
ing the  balance  of  the  Lyell  Geo- 
logical Fund  to  Mr.  Teall  for 
transmission  to  Mr.  A.  J.  Jukes- 
Browne,  34 ;  Address  on  presenting 
the  Bigsby  Gold  Medal  to  Prof. 
Renard,  35.  Anniversary  Address, 
February  20,  1885.  Obituary  No- 
tices of  Deceased  Fellow*:— Mr,  R. 
A.  C.  Godwin-Austen,  37 ;  Dr. 
Thomas  Wright,  39;  Mr.  Searlea 
V.  Wood,  40;  Dr.  J.  Gwyn  Jef- 
freys, 41  ;  Mr.  Alfred  Tvlor,  41 ; 
Prof.  J.  Buckman,  43 ;  Mr.  R.  A 
Peacock,  44 ;  Prof.  Quintino  Sella, 
44;  Dr.  H.  R.  Goppert,  44;  Prof. 
F.  von  Hochstetter,  45 ;  Mr.  Alex- 
ander Murray,  4$ ;  Mr.  J.  F.  Camp- 
bell, 45.  Address  on  geologi<^ 
Progress  in  Britain  during  the  year 
884,  especially  with  regard  to  the 
Western  Highlands,  with  a  dis- 
cussion of  the  principles  of  petro- 
logical  nomenclature,  46.  On  the 
so-called  diorite  of  Little  Knott 
(Cumberland),  with  further  remarks 
on  the  occurrence  of  picrites  in 
Wales,  611. 

Bootle  Docks,  Liverpool,  aections  in, 
592. 

Boring,  deep,  at  Richmond,  Surrey, 
523 ;  at  Chatham,  526. 

Bothrodendron,  relationship  of  Ulo- 
dendron  to,  Proc.  98. 

Boulder-clay  of  Cheshire  Ac.,  Dr.  0. 
Ricketts  on  some  erratics  in  the, 
591. 

Boulder-clays  of  Lincolnshire,  Mr.  A. 
J.  Jukes-Browne  on  the,  114. 

and  sands,  low- level,  in  Colwyn 

Bay,  104,  105. 

Bouteillenstein,  or  peeudo-chrytolite 
of  Moldauthein,  Bohemia,  152. 

Bracknell,  section  of  Bagshot  beds  at, 
505. 

Breociaa,  Permian,  of  Leicestershire 
and  South  Derbyshire,  foasiliferous 
nodules  and  fragments  of  luematite 
from  the,  Proc.  109. 

Breiddeu  Hills.  Mr.  W.  W.  Watts  on 
the  igneous  and  associated  rocki  of 
the,  532. 

Britain  and  North  America,  corre- 
lation of  Silurians  of,  57. 

Brown  boulder-dayt,  range  of^  in  Lin- 
oohwhire,  117. 

Brvozoa,  Chilostomatous,  from  Al- 
dinga  and  the  River-Murray  ohfls. 
South  Australia,  27a 
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Bunbeg.  227,  237. 

Buncrena  Bay,  232 ;  Bection  through, 

235. 
BuBk,   Mr.   George,    Award    of   the 

W'ollaBton  Gold  Medal  to,  Proc.  30. 

Oaemawr,  picrite  of,  515. 
•  Caernarvonshire,  picrites  of,  515. 
OaithnesB,  scyelite  of,  401. 
Callaway,  Dr.  C,  award  of  the  Wol- 

laston  Donation  Fund  to,  Proc.  3 1 ; 

on  the  mnitio  and  schistose  rocks 

of  Northern  Donegal,  221. 
Camberley  and  York  Town,  sections  at, 

499. 
Cambrian  rocks  of  the  Breidden  Hills, 

533. 
Canterbury,  New  Zealand,  "Curiosity- 
Shop  bed  "  in,  547. 
Camiola,  fossil  flora  of  Sagor  in,  5(>5. 
Cashel  Hill,  231  ;    section    through, 

235. 
Candona  ansafa,  349. 

bononienm,  348. 

Cellaria  angustiloba.  286. 

maWinensis,  285. 

Cellepora  albirostria,  304. 

avicularis,  303. 

biradiata,  306. 

coronopus,  302. 

coetata,  303. 

divisa,  303. 

fossa,  307. 

,  "var.  marsupiata,  307. 

mamillata,  304. 

pertusa,  305. 

,  var.  ligulata,  305. 

tridenticulata,  306. 

Chalk  Wolds,  diagram  showing  the 

erosion  of  the,  129. 
Chalky  boulder-clay,  range  of  the,  in 

Lincolnshire,  116. 
Chatham,  deep  well-boring  at,  526. 
ChilostomatousBryozoa,  from  Aldinga 

and  the  River-Murray  cliffs.  South 

Australia,  279. 
Cirencester,  section  in  quarry  near, 

172. 
Claypole,  Prof.  E.  W.,  on  the  recent 

discovery  of  Pteraspidian  fish   in 

the  Upper  Silurian  rooks  of  North 

America,  48. 
Clifton  fault.  Prof.  0.  L.  Morgan  on 

the  S.W.  extension  of  the,  146 
Climate,  conditions  of,   denoted  by 

some  erratics  in  the  Boulder-clay 

ofCheshire&e.,  591. 
Coalfields,  Mr.  D.  C.  Davies  on  the 

North  Wales  and  Shrewsbury,  Proe, 

107. 
Cole,  Mr.  G.  A.  J.,  on  hollow  tpheru- 


lites  and  their  occurrence  in  an- 
cient British  lavas,  162. 

Collins,  Mr.  J.  H.,  on  the  geology  of 
the  Rio-Tinto  mines,  with  some 
general  remarks  on  the  pyritic 
region  of  the  Sierra  Morena,  245. 

Colwyn  Bay,  Mr.  T.  M.  Reade  on  the 
drift-deposits  of,  102 ;  sections  in, 
102, 103. 

Combe  Down,  section  in  quarry  on 
south  side  of,  173. 

Ccmoseris  irradians,  186. 

-^  vermicularis,  186,  187. 

Conglomerate  series,  near  Haverford- 
west, 484,  489. 

Convexastran,  182. 

Conway  river,  section  on  south  bank 
of,  271. 

Coral,  phosphatized,  of  the  island  of 
Aruba,80. 

Cornwall,  Pliocene  deposit  at  St  Erth, 
65. 

Creeslough,  section  through,  2*35, 
236. 

Creswell  Crags,  Elrphas  primigenius 
from  one  of  the  bone-caves  of,  30, 
31. 

Cretaceo-tertiary  system  in  New  Zea- 
hind,  276. 

Cretaceous  beds  at  Black  Yen,  near 
Lyme  Regis,  23. 

formation  of  England.  Mr.  R. 

F.  Tomes  on  some  Madreporaria 
from  the,  Proc.  iii. 

Cribrilina  figularis,  293. 

radiata,  292. 

terminata,  293. 

Croagh,  section  west  of,  225 ;  section 
through,  235.  236. 

Cumberhind,  Prof.  Bonney  on  the  so- 
called  diorite  of  Little  Knott,  511. 

Cupularia  canariensis,  308. 

*•  Curiosity  Shop  bed  "  in  Canterbury, 
New  Zealand,  547;  fossils  from 
the,  549. 

Cyathaspis,  50. 

Cynfael,  Ffestiniog,  Mr.  T.  M.  Reade 
on  boulders  wedged  in  the  falls 
of  the,  Proc.  7. 

Cvphosoma  Koniffii,  447. 

Ci/pridea  DunJceH,  339. 

granulosa^  340. 

,  var.  fasciculatat  340. 

,  var.  pauoigranulata,  340. 

—  puncta/a,  337. 

,  var.  posticalis,  338. 

,  var.  gibhofta,  338. 

tuherculata,  341. 

valdensis,  336. 

ventrosa^  340. 

Cyprina  angidata,  Proc,  2. 
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Ci/prione  Brishvii^  344. 
Cypris  purheckensiSy  347. 
Cythere  retimgata,  360. 
transienSf  349. 

Dalton,  Mr.  W.  H.,  on  specimens  of 
Valuta  Lamherti  and  Cyprina  angu- 
lafa,  Proc.  z, 

Darwinula  leguminellay  346. 

Dayies,  Mr.  D.  C,  on  the  North-Wales 
and  Shrewsbury  coal-fields,  Proc, 
107. 

Dawkins,  Prof.  W.  Boyd,  note  on 
the  mammalian  fauna  of  the  Val 
d'Amo,  8. 

,  on  a  skull  of  Ovibos  moschatus 

from  the  sea-bottom,  242. 

De  Kaap  and  Lydenburg,  Mr.  W.  BE. 
Penning  on  the  goldfields  of,  5^. 

Derbvfhire,  South,  fossiliferous  no- 
dules and  fra^ents  of  bfematite 
from  the  Permian  breccias  of,  Proc, 
106. 

Diabase  of  the  Rio-Tinto  district,  250. 

Diabases  of  the  Breidden  Hills,  544. 

Dicranograptus  shales  near  Hayer- 
fordwest,  478,  487. 

Didymograptus  shales  near  Hayer- 
fordwest,  477,  486. 

Diluvial  epoch  in  New  Zealand,  213. 

JHmorphastrtea  fung\formtSf  185. 

Dinomis,  distribution  of  the  species 
of,  214. 

Dinorwig  railway,  section  along  part 
of,  75. 

Diorite,  Prof.  Bonney  on  the  soHsdled, 
ofLittle  Knott,  511. 

Diorite-dykes  0/  the  Lydenburg  and 
De  Kaap  Qoldfields,  588. 

Diorite-dyke,  section  of,  at  Lisbon- 
Berlyn,  South  Africa,  583. 

Diplopodia  Malbosii,  447. 

versiporay  444. 

Diporula,  296. 

Dolerite,  Mr.  J.  J.  H.  Teall  on  the 
metamorphosis  of,  into  hornblende- 
schist,  133. 

from    Scourie   Dyke,   analysis 

of,  135. 

Dolerites  of  the  Hebrides,  368 ;  struo- 
of,  360. 

Donations  to  the  Library  and  Museum, 
Proc.  113. 

Donegal,  Northern,  Dr.  C.  Callaway 
on  the  granitic  and  schistose  rooks 
of,  221. 

Doocashel,  section  through,  235. 

Downes,  Eev.  W.,  on  the  Cretaceous 
beds  at  Black  Ven,  near  Lyme 
Begis,  with  some  supplementary  re- 
marks on  the  BUckdown  beds,  23. 


Drift-deposits  of  Colwyn  Bay,  102. 
Drumahoe     quarry,     231;      section 

through,  236. 
Dunaff  Head,  234 ;  granite  of,  228; 

section  from  Londonderry  to,  231, 

235. 
Duncan,    Prof.    P.    Martin,  on   the 

structure  of  the  ambiilaora  of  some 

fossil  genera  and  species  of  regular 

Echinoidea,  419. 
Dunfanaghy,  section  firom,  to  Eilma- 

crenan,  235,  236. 
Dunites  and  gabbro,  intersecting  yeins 

of,  in  oliyine  rock,  359. 
Dunlewy  Church,  237  ;  section  nor^ 

of,  226. 
Dunree    Head,    233,    234;    section 

through,  235. 

Echinoideo,  Prof.  P.  Martin  Duncan 
on  the  structure  of  the  ambulacra 
of  some  fossil  genera  and  species  of 
reffular,  419. 

Elephasprimigenius  from  the  Creswell- 
crag  bone-caves,  30,  31. 

Enallohelia  socialise  175. 

England,  Mr.  B.  F.  Tomes  on  some 
Madreporaria  from  the  Cretaceous 
formation  of,  Proc.  1 1 1. 

and  North  America,  correlation 

of  fish-bearing  strata  in,  59. 

Enstatites  of  the  Hebridean  gabbroS) 
370 ;  analyses  of,  372  ;  changes  in, 
in  Hebridean  rodu,  377  ;  in  pabeo- 
zoic  peridotites,  397. 

Eocene  plant-beds  of  the  basaltic  for- 
mation of  Ulster,  82. 

Erratics  in  the  Boulder-clay  of  Che- 
shire &c..  Dr.  C.  Bicketts  on  some, 
591. 

Eruptive  rocks  in  New  Zealand,  196, 
215. 

Ettingshausen,  Baron  C.  Ton,  on  the 
fossil  flora  of  Sagor  in  Camiola, 
665. 

Eusmilinffi,  table  of  genera  of,  178. 

Fahan  station,  232 ;  section  thioudi, 
235. 

Famborough,  well-section  at,  495; 
railway  section  at,  500. 

Faugher,  Upper,  section  through, 
235. 

Fault  bringing  shell-beds  ovar  lig- 
nites, near  Husavik,  96. 

Felsites,  Silurian,  from  Llanberis 
Pass,  hollow  spherulites  in,  167. 

Felspar,  structure  o(  in  ande^ites  of 
M!oel-y-Golfa,  540. 

Felspars  of  Hebridean  gabImM,  analy- 
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868  of,  ^^ ;  change8  in,  in  Hebridean 
rooks,  376. 

FfoBtiniog,  Mr.  T.  M.  Beade  on  boul- 
ders wedged  in  the  falls  of  the 
i^nfiiel,  Proc,  7. 

Fish-bearing  strata,  correlation  of,  in 
England  and  North  America,  59. 

Fish,  traces  of,  in  the  Onondaga  red 
shale,  58. 

Flora,  fossil,  of  Sagor  in  Oamiola, 
565. 

Foliation  in  the  granite  of  Donegal, 
228. 

Foraminifera  of  the  Cambridge  green- 
sand,  Mr.  Vine  on  the,  Proc,  101. 

Forest,  submerged,  of  Torbay,  9. 

Frimley,  Mytchett  Plaoe,  weU-seotion 
at,  496. 

Fulgurite  from  Mont  Blanc,  152. 

Gabbro  and  dunite,  intersecting  reins 

of,  in  oliyine  rock,  359. 
Gabbros  of  the  Hebrides,  357. 
Chirdner,  Mr.  J.  S.,  on  the  Lower 

Eocene  plant-beds  of  the  basalUo 

formation  of  Ulster,  82. 
•^— ,  on  the  Tertiary  basaltic  forma- 
tion in  Iceland,  93. 
Gault  of  BUck  Yen,  fossils  of  the^  24, 

26. 
Gipptland,  picrite  from,  520.     > 
Glacial  period  in  Australia,  Dr.  B. 

von  Lendenfeld  on  the,  Proc.  103. 
series  in  Lincolnshire  and  York 

shire  compared,  131. 
Glenarm  leaf-bed,  85. 
Gloucestershire,  Madreporaria   from 

the  Great  Oolite  of,  170. 
Gneissio  structure  in  Donegal  granites, 

230. 
Gold  and  nuggets  in  the  Lydenburg 

and  De  Kaap  goldfields,  587. 
Goniocora,  184. 
Goodrington  Ba^,  map  of,  11. 

beach,  section  of,  17. 

Granitic  rocks  of  Northern  Donegal, 

221 ;  supposed  metamorphic  origin 

of,  228. 
of  the  Kaap  Valley  and 

Lydenburg,  670. 
Grayels,  rearranged,  in  Colwyn  Bay, 

106. 
Great  Orosby,  Lancashire,  Mr.  T.  M. 

Beade  on  the  eyidence  of  the  action 

of  land-ice  at,  454. 
Chreat  Oolite,  Madreporaria  from  the, 

of  the  counties  of  Oxford,  Glouces- 
ter, and  Somerset,  170. 

TrigonisB,  44. 

Green,  Prof.  A.  H.,  on  a  section  near 

Llanberis,  74. 


Greenan,  Lough,  section  through, 
235. 

Gresley,  Bir.  W.  8.,  on  certain  fos- 
sihferous  nodules  and  fragments 
of  hematite  (sometimes  magnetite) 
from  the  (so-called)  Permian  brec- 
cias of  Leicestershire  and  South 
Derbyshire,  Proc.  109. 

Grey  marl  of  New  Zealand,  pakeon- 
tology  of  the,  275. 

Groves's  Quarry,  near  Milton,  section 
in,  171. 

Haematite,  fossiliferous  nodules  and 

fragments  of,  Proc.  109. 
Hain,  picrite  of,  520. 
Haldon  fossils,  supplementary  list  of, 

20. 
Halicore  austraUsy  467. 
HalUhenum  Sckinzi,  466, 466,  467. 
Happy  Valley,  Birkenhead,  section  in, 

593. 
HatcUffe,  plan  of  the  country  near, 

119. 
Haverfordwest,    Messrs.    Man*    and 

Boberts  on  the  Lower  PalaH)zoio 

rocks  of  the  neighbourhood  of,  476. 
Haycock  Hills,  section  through  the, 

203. 
Hayle,  section  across  the  yalley  of 

the,  67. 
Hebridean  ffneiss,  fold  in,  near  Scou- 

rie  dyke,  142. 
Hebrides,  Tertiary  peridotites  of,  356; 

gabbros  of,  357 ;  dolerites  of,  358. 
Hegart/s  rock,  233. 
Heliocania  oolitica^  181. 
Hemicidaris  crenularis^  437. 

granulosa,  442. 

inUrmedia,  437. 

Hemipedina  Bowerbankii,  423. 

Jardinii  423. 

marchamensiSf  42^ 

tuberculosa,  425. 

HessleClay,  118. 

— -  and   Purple  Clays,    divisional 

line  between  the,  in  Lincolnshire 

126. 
Hof,  Iceland,  99. 
Hofsgil,    Iceland,  cliff    and    ravine 

about  7  miles  from,  100. 
Hokanili  system,  202 ;  eruptive  rocks 

of  the,  216. 
Homersham,  Mr.  0.,  and  Prof.  J.  W. 

Judd  on  the  deep  boring  at  Bich- 

mond,  Surrey,  523. 
Horn  Head,  236. 
Homblende-picrite  of  Little   Knott, 

Cumberland,  511. 
Hornblende-schist,  Mr.  J.  J.H.  Teall  on 

the  metamorphosis  of  dolerite  into. 
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133;  from  Soourie  dyke,  analysis 
of,  137. 

Hot  springs  in  New  Zealand,  219. 

Howick,  Auckland,  section  from,  to 
the  Wair6a  river,  210. 

HredeT4tn,  Iceland,  101. 

Huji^hes,  Mr.  G.,  on  some  West-Indian 
phosphates,  80. 

Hulke,  Mr.  J.  W.,  on  the  sternal  ap- 
paratus in  Iguanodon^  473. 

Hungarian  lava  and  lithophjses,  163, 
165. 

Husayik,  marine  and  freshwater  beds 
ot  95 ;  cliff- section  on  coast  9  miles 
N.E.  of,  95 ;  fault  near,  95 ;  section 
showing  the  position  of  the  marine 
series  of,  97. 

Hutton,  Oapt.  F.  W.,  on  the  correla- 
tion of  the  "  Curiosity-Shop  bed  "  in 
Canterbury,  New  Zealand,  547. 

,  on  the  geology  of  New  Zealand, 

191. 

,  on  the  geological  position  of  the 

"Weka-pass  Stone"  of  New  Zea- 
land, 266. 

Hyopsodus,  529. 

Iceland,  Tertiary  basaltic  formation 
in,  93;  hollow  spherulites  in  ob- 
sidian from,  166. 

Igneous  and  associated  rocks  of  the 
Breidden  Hills,  532. 

matter,   Dr.  H.  J.  Johnston- 

Layis  on  the  injection,  extrusion,  and 
oooHng  of,  Proc.  103. 

Iguanodon,  Mr.  J.  W.  Hulke  on  the 
sternal  apparatus  in,  473. 

Tnchcolm,  picrite  of,  520. 

Inferior  Oolite  Trigonias,  37. 

Iron,  metallic,  in  Hebridoan  gabbros, 
374. 

Iron-ores  of  the  Bio-Tinto  district, 
253,  255. 

Iron  sandstone,  traces  of  fish  in  the, 
58. 

Inring,  Bey.  A.,  on  a  general  section 
of  the  Bagshot  strata  from  Alder- 
shot  to  Wokingham,  492. 

Jasper    of    the    Bio-Tinto    district, 

^9. 
Jeffreys,  Dr.  J.  Gwyn,  list  of  fossil 

shells  from  Iceland,  96. 
Johnston-Layis,   Dr.  H.  J.,  on  the 

physical  conditions  inyolyed  in  the 

injection,  extrusion,  and  cooling  of 

igneous  matter,  Proe,  103. 
Jones,  Prof.  T.  Bupert,  on  the  Ostra- 

coda  of  the    Purbeok    formation, 

with  notes  on  the  Wealdeu  mecies, 

311. 


Judd,  Prof.  J.  W.,  on  the  Tertiary 
and  older  peridotites  of  Scotland, 
354. 

,  and  Mr.    C.  Homersharo,  on 

the  deep  boring  at  Kichmond,  Surrey, 
523. 

Jukes-Browne,  Mr.  A.  J.,  award  of 
the  Lyell  G^logical  Fund  to,  Proc. 
34- 

,  on  the  Boulder-clays  of  Lincoln- 
shire ;  their  geographical  range,  and 
relatiye  age,  114. 

Kaap  Valley,  geology  of  the,  570; 
granitic  rocks  of  the,  570 ;  Silurian 
rocks  of  the,  570 ;  Deyonian  rocks 
of  the,  576. 

Kaihiku  series,  203. 

Kaikoura  formation,  201. 

peninsula,  section  of  east  head 

of,  273 ;  plan  and  section  of  south 
beach  of,  273. 

Kakanui  series,  199. 

Kanleri  series,  209. 

K6reru  series,  211. 

Kidston,  Mr.  R.,  on  the  relationship 
of  Ulodendron,  landl.  and  Hutt..  to 
Lepidodendron,  Stemb.,  Bothrnden- 
dron,  Lindl.  and  Hutt.,  SiffiUariOy 
Brongn.,  and  Rhytidodendron,  Bou- 
lay,  Proc.  98. 

Kibnacrenan,section  from  Dunfanaefaj 
to,  235,  236.  ^  ^ 

series  of  schistose  rooks,  230. 

Lancashire,  Mr.  T.  M.  Beade  on  the 
evidence  of  the  action  of  land-iee 
at  Great  Crosby.  454. 

Land-ice,  eyidence  of  the  action  of,  at 
Great  Crosby,  Lancashire,  464. 

Land's  End,  Cornwall,  Pliocene  de- 
posit at  St  Erth,  near  the,  65. 

Layas,  ancient  British,  Mr.  G.  A.  J. 
Cole  on  the  occurrence  of  hollow 
spherulites  in,  162. 

Leaf-beds,  Ballypaladj,  85 ;  Glenarm, 
85;  Ballintoy,  86;  AitUon,  92. 

Leicestershire,  fossiliferous  nodules 
and  fragments  of  hnnatite  from 
the  Permian  breccias  of,  Proe. 
109. 

Lekythopora  ^strix,  308. 

Leudenfeld,  I>r.  R.  yon.  on  the  gla- 
cial period  in  Aostndia,  Proe.  103. 

Lepidoaendron,  relationship  of  Ulo- 
dendron  to,  Proe.  98. 

Lepralia  confinita,  299. 

depressa,  298. 

edax,  297. 

escharella,  298. 

subimmersa,  299, 
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Liaseic  Trigonia,  35. 
LicTienopora  paucipora,  113. 
Lincolnshire,  Mr.  A.  J.  Jukes-Browne 

on  the  Boulder-clays  of,  1 14. 
,  sketch-map  of,  showing  the  range 

of  the  Boulder-clays,  115. 
and  Yorkshire,  glacial  series  in, 

131. 
Lingula  flags    near    HsTerfordwest, 

476,  486. 
List  of   fossil  shells  from   Iceland, 

96. 
Lithophyses,  163,  164, 165. 
Little   Knott,    Prof.  Bonney  on   the 

so-called  diorite  of,  511. 
Liverpool,  section  in  the  Bootle  Docks, 

592. 
Llanberis,  Prof.  A.  H.  Green  on  a 

section  near,  74. 

Pas.H,     hollow  spherulites    in 

felsites  from,  167. 

Llandeilo  limestone  near  Haverford- 
west,'477,  486. 

Llandovery  beds,  Lower,  near  Haver- 
fordwest, 485, 489. 

Llyn  Padam,  section  along  part  of  the 
Dinorwig  railway,  on  the  north- 
east side  of,  75. 

Lodes,  pyrites,  of  the  Eio-Tinto  dis- 
trict, 255 ;  manfi^anese,  of  the  Rio- 
Tinto  district,  259. 

Londonderry,  section  from,  to  Duna£f 
Head,  231.  235. 

Lough-Foyle  series  of  schistose  rocks, 
230. 

Lough  Greenan,  section  on,  223,  224 ; 
section  through,  235. 

Lough-Neagh  formation,  87- 

Lough  Salt,  section  through,  235. 

Low  Barf,  section  through,  125. 

Ludlow  rocks  in  the  Breidden  Hills, 
538. 

Lydekker,  Mr.  B.,  on  the  zoological 
position  of  the  genus  Microchirus^ 
Wood,  and  its  apparent  identity 
wiUi  HyopmdMS^  Leidy,  529. 

Lydenburg  and  De  Kaap,  Mr.  W.  H. 
Penning  on  the  goldflelds  of^  569. 

Lyell  Geological  fnnd,  award  of  the, 
to  Mr.  A.  J.  Jukes-Browne,  Proc,^ 

34- 

Medal,  award  of  the,  to  Prof. 

H.  G.  Seeley,  Proc.,  33. 

Lyme  Regis,  Cretaceous  beds  at  Black 
Ven  near,  23. 

Madreporaria,  Mr.  R.  F.  Tomes  on 
some,  from  the  Oretaceous  forma- 
tion of  England,  Proc.  1 1 1. 

,   Mr.    Tomes    on    some,    from 

the    Great    Oolite    of   the    coun- 


ties   of  Oxford,    Gloucester,    and 
Somerset,  170. 

Maerewhenua  limestone,  list  of  fossils 
from  the,  558.      . 

Magnetite,  Proc.  109. 

Maitai  system,  200;  eruptive  rooks 
in,  215. 

Major,  Dr.  0.  J.  Forsyth,  on  the 
mammalian  fauna  of  the  Val 
d'Arno,  1. 

Malin  and  Malin  Head,  234. 

Head,  granites  of,  228. 

Mammalian  fauna  of  the  7al  d'Arno, 
Dr.  0.  J.  Forsyth  Major  on  the,  1. 

Manapouri  system,  198 ;  eruptive 
rocks  in,  215. 

Manatus  seneaalensis,  468. 

Manganese  (odes  of  the  Bio-Tinto 
district,  259. 

Map  of  Lincolnshire,  showing  range 
of  boulder-clays,  115;  of  Paignton 
and  Goodrington  Bays,  11;  showing 
the  western  extension  of  the  Clifton 
fault,  147 ;  of  the  South  Island  of 
New  Zealand,  195 ;  of  the  Valley 
of  the  Waitaki  and  neighbouring 
region,  561. 

Marr,  Mr.  J.  E.,  and  Mr.  T.  Roberts, 
on  the  Lower  Palaeozoic  rocks  of 
the  neighbourhood  of  Haverford- 
west, 476. 

Mastigophora  Dutertrei,  301. 

Matakea  series,  204. 

Mataiira  series,  204. 

May- Hill  beds  in  the  Breidden  Hills, 
536. 

Membranipora  aperta^  286. 

circularis,  286. 

Flemmgii,  288. 

Michaudiana,  289. 

parvicella,  288. 

radicifera,  287. 

rht/nchota,  287. 

Savartii,  286. 

temooraria,  288. 

trifolium,  var.  propinqua,  289. 

Mesa  de  los  Pines,  section  in  railway- 
cutting  on  the  west  side  of  the, 
253 ;  analysis  of  iron-ore  from  the, 
253. 

Afetaa/pris  Farhesii,  345. 

,  var.  verrucosa,  345. 

Metals  and  minerals  in  the  Lydenburg 
and  De  Kaap  goldfields,  588. 

Metcalfe,  Mr.  A.  T.,  on  the  discovery 
in  one  of  the  bone-caves  of  Creewell 
Crags  of  a  portion  of  the  upper  jaw 
of  Elephtu  primiffenim,  containing 
in  situ  the  first  and  second  milk- 
molars,  31. 

MicrocharuSt  Mr.  R.  Lydekker  on  the 
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zoological  position  of  the  genus, 

629. 
Nicrochctrta  erinaceus,  529. 
Micropara  patvla,.  290. 

perforata,  290. 

Microporella  elevaia,  296. 

grisea,  294. 

= —  magna^  295. 

magniroetris,  296. 

poctlliformUf  295. 

Microsolena  excelsa,  188. 
Middletown  Hill,  section  across,  535 ; 

section  from,  to  Purton  Wood,  537. 
Milton,  section  in  Groves's  quarry  near, 

171. 
Minerals  composing  the  peridotitee 

and  allied  rocks  in  the  Western 

Islands,  362. 

of  New  Zealand,  219. 

,  constituent,  of  picrites,  520. 

and  metals  of  the  Lydenburg  and 

De  Kaap  goldfields,  588. 
Moel-y-Golfa,  igneous  rocks  of,  539. 
Moldauthein,  in  Bohemia,  Bouteillen- 

Btein  of,  152. 
Monoporella  sexangularis,  291. 
Mont^lanc,  fulgurite  from,  152. 
Montgomeryshire,  East,  the  igneous 

and  associated  rocks  of  the  Breidden 

Hills  in,  532. 
Montliyaltia,  182. 
Moorhey  brick  and  tile  works,  section 

at,  455. 
Morgan,  Prof.  0.  L.,  on  the  S.W.  ex- 
tension of  the  Clifton  fault,  146. 
Motunau  Creek,  section   across    the 

south  branch  of  the,  270. 
Mount  Arthur  series,  199. 

Brown,  section  through,  209. 

Hamilton,    section    through, 

203. 

Torlesse  formation,  201,  203. 

Mucronella  mucronata,  293. 

nitida,  293. 

coccinea,  yar.  mamiUata,  294. 

Mull,  Ardtun  leaf-bed,  92. 
Murchison  Geological  Fund,  award  of 

the,  to  Mr.  H.  B.  Woodward,  Proc, 

Medal,  award  of  the,  to  Dr.  F. 

Komer,  Proc.  31. 

Keoplagiaulax,  comparison  of  teeth  of, 
with  those  of  IHtylodcm,  28. 

'  eoccpniM,  molar  teeth  of,  28. 

New  Zealand,  Capt.  F.  W.  Hutton  on 
f^e  geology  of,  191. 

,  on  the  geological  position 

of  the  '*  Weka-paas  stone"  of,  266. 

,  correlations  of  the  **  Cu- 
riosity-Shop bed,"  547. 


New  Zealand,  raised  beaches  in,  212; 
section  from  the  west  coast  of,  to 
Tasman's  Bay,  200 ;  taUe  of  sedi- 
mentary formations  in,  194. 

Niagara  group,  fossils  of,  compared 
with  those  of  the  Wenlock  lime- 
stone, 57. 

North  America  and  England,  correla- 
tion of  fish-bearing  strata  in,  59. 

and  Britain,  correlation  of 

Silurians  of,  57. 

North  Island  of  New  ZeaUnd,  196. 

North  Wales  ooal-fleld,  Mr.  D.  0. 
Dayies  on  the,  Proc,  107. 

Oamaru,  list  of  Ototara  fossils  from, 

566. 
system,  206 ;  eruptiye  rocks  of 

the,  215. 
Obsidian  with  hollow  spherulites  from 

Beayer  Lake,  164,  165 ;  from  Ice- 
land, 166. 
Oliyine  in  palamzoio  pmdotites,  397. 
Oliyine-rock,    intersecting    yeins    of 

l^abbro  and  dunite  in,  350. 
Oliyines  of  the  Hebridean  gabbros, 

373;  analysis  of,  374. 
Onchus  clintoni^  61. 

pennsylpanicuSf  61. 

Onondaga  Bed  Shale,  traces  of  fish 

in  the,  58. 
Oolitic  TrigonisB,  37. 
Ophitic  structure  of  dolerites,  360. 
Oreti  river,  section  from  the,  to  the 

Takitimti  mountains,  203. 
Ormond  series,  211. 
Oroseris  Slatteri,  187. 
Ostracoda  of  thePurbeckand  Wealden, 

311. 
Ovibos  motchatuSf  242. 
Owen,  Sir  Bichard,  on  remains  of 

Elephas  primigemiHs  from   one  of 

the  Creswell  bone-cayee,  31. 
— ,  on  the  resemblance  of  the  upper 

molar  teeth  of  an  Eoeene  mammal 

{Neoplagiaulax,  Lemoine)  to  those 

of  Trityhdon,  28. 
Oxford  clay,  occurrence  of,  in  deep 

well-boring  at  Chatham,  526. 
Oxfordshire,  Madreporaria  from  the 

Great  Oolite  of,  170. 
,  North,  Mr.  E.  A.  Walford  00 

the   Triaonia  of    the  Lower  and 

Middle  Jurassic  beds  of,  35. 

Paignton  Bay,  map  of,  11. 
PaZ(9aspt8,  54,  56,62. 
—  amerieamOy  62. 

bitruTicata,  62. 

PalsBozoio  rocks,  Lower,  of  the  nd^- 
bourhood  of  Hayerfcvdwcet,  476. 
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"PtkreSn  avstem,  209;  eruptir*  rooks 

of  the,  216. 
Parton  Wood,  section  from  Middle- 
town  Hill  to,  537. 
Feat-depoBits,    Pleistocene,  on  Beh- 
rinf's  Island,  Dr.  H.  Woodward  on 
a  skeleton  of  Bhfiina  gigas  from 
the,  467. 
Peat-mosses  in  New  Zealand,  213. 
Pebbles,   split,   from   Boulder-clay, 

696. 
Pedina  SmitMi,  433. 
Penarfynydd,  picrite  of,  517. 
Pengorphwysfa,  picrite  of,  516. 
Penmaenmawr,  till  at,  106. 
Penning,  lilr.  W.H.,  on  the  goldfields 
of  Lydenburg  and  De  Kaap,  in  the 
Transvaal,  South  Africa,  669. 
Peridotites,  Prof.  J.  W.  Judd  on  the 
Tertiary  and  older,  of  Scotland,  354. 

,  Tertiary,  366 ;  Palaeozoic,  396. 

,  Palffiozoic,  alteration  of  minerals 

in,  396 ;  varieties  of  the,  398. 
Permian   breccias    of    Leicestershire 
and  South  Derbyshire,  fossiliferous 
nodules  and  fragments  of  hiematite 
from  the,  Proe.  109. 
P^tane  series,  211. 
Phosphates,  Mr.  G-.  Hughes  on  some  . 

West-Indian,  80. 
PhyUopora  tumida,  109. 
Picrite-boulder  near  St.  Darids,  618. 
Picrites,  altered  palaeozoic,  of  Scotland, 
400. 

,  occurrence  of,  in  Wales,  611 ; 

of  Anglesey  and  Caernarvonshire, 
616;   paragenesis  of   minerals  of, 
620. 
Pidgeon,  Mr.  D.,  on  some  recent  dis- 
coveries in  the  submerged  forest  of 
Torbay,  9. 
Plan  of  country  near  Hatcliffe,  119. 
Plant-beds,    Lower    Eocene,    of   the 

basaltic  formation  of  Ulster,  82. 
Platastrsa  Oonybeari,  184. 
Pleistocene  peat-deposits,  skeleton  of 
Rh/tina  gigas  from  the,  on  Behring's 
Island,  457. 

series  in  New  Zealand,  212. 

Plesiodiadema  Michelini,  430. 
Pliocene  deposit  at  St.  Erth,  near  the 

Land's  End,  Cornwall,  66. 
Plutonic  rocks,  deep-seated,  changes 

of  the  minerals  in,  383.. 
Polyzoa  of  the  Cambridge  Greensand, 

Mr.  Vine  on  the,  Proc,  loi. 
Porfido-rosso  antico,  brecoiated,  167. 
Porphyries  of  the  Rio-Tinto  district, 

260. 
Porphyritic  masses  in  the  Rio-Tinto 
dutrict,  section,  262. 

Q,J.G.S.  No.  164. 


Porphyritic  schists  of  the  Rio-Tinto 

district,  261. 
Porphyro-granulitic  structure  of  do- 

lerites,  361. 
Preston    Sands,    plan   of    outcrops 

observed  on,  12. 
Prorastomus,  466. 
Pseudo-chrysolite,  or  Bouteillenstein, 

of  Moldauthein  in  Bohemia,  162. 
Pseudodiadema  depressum,  429. 

hemispharicum,  428,  429. 

Pteraspidian    fish    from    the  Upper 

Silurian  rocks  of  North  America, 

48. 
Pteraapis,  60. 
Purbeck  formation.  Prof.  T.  Rupert 

Jones  on   the    Ostraooda  of   the, 

311. 
Purple  and  Hessle  clays,   divisional 

line  between  the,  in  Lincolnshire, 

126. 
Putatiika  series,  202. 
PdUki  series,  211. 
Pyritic  region  of  the  Sierra  Morena, 

Mr.  J.  H.  Collins  on  the,  246. 
Pyrites  deposits  of  the  Rio-Tinto  dis- 
trict, 245. 

of  the  Rio-Tinto  district,  265; 

analyses  of,  268,  269. 

Pyroxenes  in  andesites  of  Moel-y- 
Golfa,  541. 

in  diabases  of  the  Breidden  Hills, 

644. 

,  rhombic,  in  palaeozoic  peri- 
dotites, 397. 

,  changes  in,  in  Hebridean  rocks, 

377. 

of    the    Hebridean  7  gabbros, 

366. 


Raised  beaches  in  New  Zealand, 
212. 

Reade,  Mr.  T.  Mellard,  on  the  drift- 
deposits  in  Colwyn  Bay,  102. 

,  on  the  evidence  of  the  action 

of  land-ice  at  Great  Crosby,  Lan- 
cashire, 454. 

,    on    boulders    wedged  in   the 

Falls  of  the  Cynfael,  Ffestiniog, 
Proc.  7. 

Redclifie  Towers,  section  of  the  ex- 
posure at,  20. 

RedhiU  shales,  482,  488. 

'•Reefs"  of  the  Lydenburg  and  De 
Kaan  goldfields,  572,  677. 

Renard,  Prof.,  award  of  the  Bigsby 
Gold  Medal  to,  Proc.  35. 

Rhynchopora  bispinosa,  302. 

Rhytidoaendron,  relationship  of  Ulo- 
dendron  to,  Proc.  98. 
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Bhytina  gigas,  skeleton  of,  from  the 
Pleistocene  peat-deposits  on  Beh- 
ring's  Island,  457. 

Richmond,  Surrey,  Prof.  Judd  and 
Mr.  0.  Homersham  on  the  deep 
boring  at,  523. 

Ricketts,  Dr.  C.  on  some  erratics  in 
the  Boulder-clay  of  Cheshire  &c., 
and  tlie  conditions  of  climate  they 
denote,  691. 

Rimutaka  series,  201. 

Rio-l'into  district,  general  description 
of  the,  246;  stratigraphy  of  the, 
261 ;  ore  deposits  of  the,  262 ;  sur- 
face geology  of  the  263. 

mines,  Mr.  J.   H.    Collins  on 

the  geology  of  the,  245. 

River-Murray  cliffs,  Chilostomatous 
Bryozoa  from  the,  279. 

Riwaka  mountains,  section  through 
the,  2(X). 

series,  198. 

Roberts,  Mr.  T.,  and  Mr.  J.  E.  Marr, 
on  the  Lower  Palaeozoic  rocks  of 
the  neighbourhood  of  Hayerford- 
west,  476. 

Robe^ton  Wathen  limestone,  479, 487. 

Romer,  Dr.  F.,  award  of  the  Mur- 
chison  Medal  to,  Proc.  31. 

Rotten  reef,  Spitzkop,  section  of,  581 . 

Rum,  peridotiles  of,  390. 

Rutley,  Mr.  Frank,  on  fulgurite  from 
Mont  Blanc ;  with  a  note  on  the 
Boutcillenstein  or  pseudo-chrysolite 
of  Moldauthein  in  Bohemia,  152. 

,    on     brecciated     porfido-rosso 

antico,  157. 

Sagor,  in  Carniola,  fossil  flora  of,  565. 

St.  Davids,  picrite  boulder  near,  518. 

St.  Erth,  Pliocene  deposit  at,  65. 

,  section  in  pit  near  the  vicarage, 

66. 

— ,  section  across  the  Hayle  valley 
at,  67. 

Salt,  Lough,  section  through,  235. 

Sandafell,  Iceland,  98. 

Scaphaspis,  50. 

Schillerization,  383,  408. 

Schistose  rocks  of  Northern  Donegal, 
221,  230. 

Schists,  |)orphyritic,  of  the  Rio-Tinto 
district,  251. 

Schizoporella  Cecilii,  301. 

fenrstrata,  301. 

phymatopora,  300. 

profcTisa,  301. 

simplex,  var.  aldingensis,  300. 

striatula,  301. 

Schriesheim  picrite,  520. 

Scoiknd,  Prof.  J.  W.  Judd  on  the  Ter- 
tiary and  older  peridotites  of,  354. 


Soourie  Dyke,  analysis  of  andenne 
from,  135 ;  analysis  of  dolerite 
from,  135 ;  analysis  of  hornblende- 
schist  from,  137. 

,  metamorphism  in  the,  139. 

Scyelite  of  Caithness.  401;  analyses 
of,  402. 

Sections    of  G-oodrington  beach,  17 ; 
of  the  exposure  at  Redclifl*e  Towers, 
20 ;  in  pit  near  St.  Erth  vicarage, 
66 ;  across  the  valley  of  the  Hayle 
at  St.  Erth,  67;   along  a  part  of 
the    Dinorwig    railway,    on     the 
north-east  side  of  Llyn  Padam,  75, 
76;   on  coast  nine  miles  N.E.  of 
Husavik.  i^ ;  showing  the  position 
of  the  marine  series  of   Husavik, 
97;    in  ravine  seven  mile«  from 
Hofsgil,    Iceland,  100;  in  Colwyn 
Bay,  102,  103 ;  through  Low  Barf. 
125 ;   showing  the  erosi<m  of  the 
chalk-wolds,    129;     of    a   fold  in 
Hebridean  gneiss,   142 ;  from   the 
west  coast  of  New  Zealand  to  Tas- 
man's  Bay,   200:     from    Howick, 
Auckland,* to  the  VVairoa  river,  210; 
from  the  Areti  river  to  the  Taki- 
timii  mountains,  203 ;  in  Bamesbeg 
Gap  and  on  I^ough  Greenan.  223 ; 
west  o£Croagh,  225 ;  north  of  Dun- 
lewy  Church,    225;   from    Dunaff 
Head  to  Londonderry,  235;   from 
Dunfanaghy  to  Kilmacrenan,  2^i.^ ; 
showing  porphyritic  masses  in  tJtm 
Rio-Tinto  district,  252 ;  in  railway- 
cutting  on  west  side  of  the  Men 
de  los  Pinos,   252 ;    of  the  south 
lode  at  Rio  Tinto,  260 ;   showing 
kernels  of    cobaltiferous   oxide   of 
n:iangane8e,  near  Bella  Yista,  Rio- 
Tinto    district,    261  ;     across    the 
river  WAipara,  269;  along  Weka 
Pass,  269 ;  on  south  bank  of  Con- 
way   river,  271  ;    through  Amuri 
South  Bluff,  272 ;  of  east  head  of 
Kaikoura  peninsula,  273 ;  of  south 
beach  of  Kaikoura  peninsula,  273 ; 
at  Moorhey  brick  and   tile  works, 
455 ;  in  deep  boring  at  Wellington 
College,    41H;    on     South-eastern 
Railway  near  WelUngton  College, 
498  ;  across  the  valley  of  Aldershot 
town,  502 ;   in    cutting   north   of 
Wokingham  station.    505 ;   acroas 
Middletown   Hill,   535,    in  small 
tributary  of  Belleisle  Brook,  546; 
of  Curiosity  Shop  on  the  left  bank 
of  the  Rakaia  river,  547 ;  sbowinf 
the  general  form  of  the  country  and 
the  fall  of  the  rivers  from  the  High 
Veldt,   571 ;  of  rotten  reef,   Spiti- 
kop,  581 ;  of  diorite  dyke.  Iiflt)on- 
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fierlyn,  S.  Africa,  583 ;  in  Bootle 

Docks,  Liverpool,  592;  in  Happy 

Valley,  Birkenhead,  593. 
Sedimentary  formationfl  in  New  Zea- 
land, table  of.  194. 
Seeley,   Prof.    H.  Q.,  award  of  the 

Lyell  Medal  to,  Proc.  33. 
Selenaria  maculata,  308. 
Shelly,  fossil,  collected  by  Mr.  J. 

G^a^dner  in  Iceland,  96. 
fihiant  Isles,  peridotite  of  the,  893. 
Sholeshook  limestone,  480,  487. 
Shrewsbury    coal-field,     Mr.    D. 

Bavies  on  the,  Proc.  107. 
Shropshire,  West,   the  igneous   and 

associated  rocks  of  the    Breidden 

Hills  in,  532. 
Sierra  Morena,  pyritic  region  of  the, 

245. 
SigiUaria,  relationship  of  Ulodendron 

to,  Proc.  98. 
Silurian  rocks  of  the  Breidden  Hills, 

536. 

,   Lower,    of    Welshpool, 

species  of  Pht/llopora  and   2la?rt- 
niscus  from  the,  1()8. 

,  Upper,  of  North  America, 

Pteraspidiau  fidi  from  the,  48. 

Silurians  of  North  America  and 
Britain,  correlation  of,  57. 

Sirenia,  list  of  fossil,  470;  biblio- 
graphy, 471. 

Slade  beds,  483.  488. 

Slates  of  the  Rio-Tinto  district,  246  ; 
analyses  of,  247. 

Smittia  Landsborovii,  3()0. 

Milneana,  var.  coasquata,  300. 

Tatei,  299. 

Somersetshire,  Madreporaria  from 
theGreat  Oolite  of,  170, 

South  Africa,  goldfields  of  Lydenburg 
and  De  Kaap,  in  the  IVansvaai, 
669. 

Island  of  New  Zealand,  194. 

—  lode  at  Rio  Tinto,  sections  of 
the,  260. 

Spherulites,  hollow,  Mr.  G.  A.  J.  Cole 

on,  162. 
Spinellids  of  the  Hebridean  gabbros, 

374. 
Spitzkop,  section  of  rotten  reef,  581. 
Stafholt,  Iceland,  101. 
Steganoporella  magnilabris,  292. 

Rozieri,  var.  mdica,  292. 

Sternal  apparatus  in  Iguanodon,  Mr. 

J.  W.  Hulke  on  the,  473. 
Stomechinus  bigranularis,  435. 
Stonyhurst,  271. 
StrongyloceTUrotm,  421. 
StylMmilia  excelsa^  180. 

replant,  179. 

Syenite  of  the  !Bio-Tinto  district,  249. 


Tfikaka  river,  section  crossing  the, 
200. 

system,  198. 

Takitimu  mountains,  section  from  the 
Oreti  river  to  the,  203. 

Tasman's  Bay,  section  from  the  west 
coast  of  New  Zealand  to,  200. 

T&whiti  series,  209. 

Teall,  Mr.  J.  J.  H.,  on  the  roeta^ 
morphosis  of  dolerite  into  hom^ 
blende-schist,  133. 

Te  Anau  series,  201. 

Tertiary  basaltic  formation  in  Ice- 
land, 93. 

Thamniscm  antimtusy  111. 

Thamnocomia  ootiticaj  177. 

Thrust,  lateral,  evidence  of,  in  granites 
and  schists  of  Northern  Donegal, 
238. 

Thrust-plane,  section  of,  233. 

Tm.  bluish-grey,  in  Colwyn  Bay,  103, 
105 

T^amir,  Iceland,  98. 

Tomes,  Mr.  R.  F.,  on  some  imper- 
fectly known  Madreporaria  from 
the  Cretaceous  formation  of  Eng- 
land, Proc,  III. 

,  on   some   new  or  imperfectly 

known  Madreporaria  from  the 
Great  Oolite  of  the  counties  of 
Oxford,  Gloucester,  and  Somerset, 
170. 

Torbay,  Mr.  D.  Pidgeon  on  some 
recent  discoveries  in  the  submerged 
forest  of,  9. 

Transvaal,   goldfields  of    Lydenburg 
•     and  De  Kaap,  569. 

Tricycloseris,  187. 

Trigonia  Lyctttii,  42. 

,  var.  comtga(4i,  43. 

norfkampfonewns,  35. 

pullus,  45. 

sp.,  45. 

TrigonitB,  Mr.  E.  A.  Walford  on  the, 
of  the  Lower  and  Middle  Jurassic 
beds  of  North  Oxfordshire  and  ad- 
jacent districts,  35. 
Trigonia;  from  the  Lias,  35 ;  from 
the  Inferior  Oolite,  37 ;  from  the 
Great  Oolite,  44. 
Trinuoleus-seticomis  beds,  480,  487. 

Tritylodon^  comparison   of  teeth  of, 

with  those  of  Neoplagiaulax,  28. 
Turanganiii  series,  207. 
Twinning,  lamellar,  in  felspar-crystals, 
364. 


Ulodendron,  Mr.  R.  Kidston  on  the 
relationship  of,  to  Lepidodendron, 
Bothrodendron,  6igillaria,aQd  Rhy- 
tidodeudron,  Proc,  98. 
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UUter,  Lower  Eocene  plant-beds  of 

die  basaltic  formation  of,  82. 
Ultra-basio   rocks,   Tertiary,  of   the 

Hebrides,  389. 

Yal  d'Amo,  mammalian  fauna  of  the,      

1. 
Vine,  Mr.  G.  B.,  on  species  of  Phi/l- 

lopora  and    Thamni<icu$  from   the 

liower  Silurian  rocks  of  Welshpool, 

Wales.  108. 
,  on  the  Polyzoa  and  Forami- 

nifera  of  the  Cambridge  Greensand, 

Proc,  loi. 
Yoluta  Lamberta,  Proe.  2. 


Waihao  limestone,  fossib  from  the, 
559. 

Waipara  river,  section  across  the, 
269. 

system,  204;  eruptive  rocks  of 

the,  215. 

Wair6a  series,  202. 

Waitaki,  valley  of  the,  fossils  from 
the,  558 ;  map  of  the  volley  of  the, 
and  neighbouring  region,  561. 

Waitem&ta  series,  209. 

Wales,  occurrence  of  picrites  in,  511. 

Walford,  Mr.  E.  A.,  on  the  strati- 
graphical  positions  of  Trigonim  of 
tbe  Lower  and  Middle  Jurassic 
beds  of  North  Oxfordshire  and  ad- 
jacent districts.  35. 

W4naka  series,  199. 

WanganiU  system,  211 ;  eruptive 
rocks  of  the,  217. 

Waters,  ferruginous,  from  Rio-Tinto  » 
mines  and  works,  255. 

Waters,  Mr.  A.  W.,onOhilostomatou8 
Bryozoa  from  Aldinga  and  the 
Murray-Biver  cliffs,  South  Aus- 
tralia, 279. 

Watts,  Mr.  W.  W.,  on  the  igneous 
and  associated  rocks  of  the  Breidden 
Hills,  in  East  Montgomeryshire  and 
West  Shropshire,  532. 

Wealden  Ostraooda,  Prof.  T.  Bupert 
Jones  on  the,  311. 

Weka  Pass,  section  along,  269. 

**  Weka-pass  Stone  ^  of  New  Zealuid, 
Capt  F.  W.  Hutton  on  the  geo- 
logical position  of  the,  266. 

,   list  of  fossils  from  the, 

554. 

,  paUeontology  of  the,  276. 


Well-boring,  deep,  at  Bichmond,  523 ; 

at  Ohatham,  526. 
Wellington  CoUeee,  section  across  the 

▼alley  north  of,  503;  road-section 

north  of,  504. 

lakes,  sections  at,  499. 

,  well-section  at,  493,  494. 

. station,  railway-cuttinga 

at,  496, 498. 
Well-sections  in  Bagshot  area.  493. 
Welshpool,  Mr.  G.  B.  Vine  on  speeiei 

of  PhtfUopora  and  Thamniseus  from 

the  Lower  Silurian  rocks  of,  108. 
Wenlock  limestone  and  Niagara  group, 

fossils  of  the,  compared,  57. 

shale  in  the  Breidden    Hills, 

537. 

Western  Isles,  Tertiary  peridotites  of, 
356 ;  gabbros  of,  357  ;  doleritm  of. 
358. 

West-Indiao  phosphates,  Mr.  G. 
Hughes  on  some,  80. 

Westland  formation,  201. 

Wokingham,   Rev.  A.  Lrving  on    a 

?eneral  section  of  the  Bagshot  strata 
rom  Aldershot  to,  492. 

,  Ba^fshot  series  at,  504 ;  section 

in  cutting  at,  505. 
Wollaston  Donation  Fund,  award  of 
the,  to  Dr.  C.  CalUway,  Proe,  31. 

Gold  Medal,   award  of  the,  to 

Mr.  George  Busk,  Proc»  30. 

Wood,  Mr.  Searles  V.,  taWc  of  di»- 
tribution  of  fossil  shells  from  Ice- 
land, 96. 

,  on  a  new  deposit  of  Pliocene 

age  at  St.  Erth,  near  the  Land's 
End.  Cornwall,  65. 

Woodward,  Mr.  H.  R,  award  of  the 
MurchiHon  Gheologimd  Fund  to, 
Proc.  32. 

,Dr.H.,  on  an  almost  perfect  skele- 
ton of  Rhvtina  giga$  (Rh/tma  Stel- 
leri,  "  Steller's  Sea-cow  "X  obtained 
by  Mr.  B.  Damon  from  the  Pleis- 
tocene peat-deposits  on  Behring't 
Island,  457. 


Yateley  Green,  well-section  at,  500. 
Yorkshire  and    Lincolnshire,  glacial 

series  in,  131. 
York  Town  and  Camberiey,  sections 

at,  499. 


END  OF  TOL.  XU. 
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